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(54) DEVICE FOR PROCESSING OF OBJECT TO BE PROCESSED

(57) An object of the present invention is to provide
a more compact processing apparatus than previously
available. Provided is a processing apparatus for unfurl-
ing or folding a processing subject (T), including a pair
of retaining devices (310A, 310B) capable of retaining
the processing subject (T), a carrying device (402) ca-
pable of carrying the processing subject (T) such that a
part of the processing subject (T) hangs down therefrom
while the processing subject (T) is retained by at least
one of the pair of retaining devices (310A, 310B), and a
control device that controls movement of the retaining
devices (310A, 310B) and the carrying device (402),
wherein the control device rotates the carrying device
(402) in a condition where the retained processing sub-
ject (T) hangs down from the carrying device (402).
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Description

Technical Field

[0001] The present invention relates to a processing
apparatus for processing a processing subject such as
a deformable thin object.

Background Art

[0002] An apparatus for unfurling and folding a deform-
able thin object such as a garment has been developed
in the prior art (see Patent Document 1, for example).

Citation List

Patent Document

[0003] Patent Document 1: WO 2012/073500

Summary

Technical Problem

[0004] Incidentally, this type of processing apparatus
generally has large dimensions, and although the appa-
ratus can be used for industrial applications, it cannot
easily be disposed in a typical household.

Solution to Problem

[0005] An object of the present invention is to provide
a more compact processing apparatus than previously
available.

(1) A processing apparatus according to one aspect
of the present invention includes a pair of retaining
devices, at least one of which includes a movable
retaining mechanism, and a carrying device that in-
cludes a carrying plate provided to be capable of
carrying a processing subject and rotating.

[0006] According to the present invention, a more com-
pact processing apparatus can be provided in a case
where the processing apparatus is used to process the
processing subject. More specifically, when the process-
ing subject is retained by the pair of retaining devices
and moved from a first side to a second side of the car-
rying plate during processing performed by the process-
ing apparatus to recognize, fold, or otherwise process
the processing subject, the carrying plate can be rotated
in the direction in which the processing subject is to be
moved. Hence, the processing subject can be moved to
a desired side without lifting the entire processing subject
above the carrying plate or moving the processing sub-
ject by a large amount in a horizontal direction. Therefore,
a space in which the retaining devices move can be re-
duced, and as a result, the overall size of the processing

apparatus can be made more compact.
[0007] Note that the "processing subject" is a deform-
able thin object represented by a textile such as a gar-
ment or a towel, a film, a piece of paper, a sheet, or the
like, for example, and the processing subject may have
a rectangular shape such as that of a towel, or a sub-
stantially rectangular shape such as that of a T-shirt or
a running shirt.
[0008] Further, the "retaining mechanism" may have
any configuration capable of retaining the processing
subject. For example, the retaining mechanism includes
a pair of finger members, and the pair of finger members
are configured to approach and move away from each
other. A hook onto which the processing subject is
hooked may be cited as another example of the retaining
mechanism.
[0009] Furthermore, the moving mechanism that ena-
bles the retaining mechanism to move may be a belt slider
mechanism, a ball screw mechanism, an air cylinder
mechanism, a motor cylinder mechanism, an electric slid-
er mechanism, a linear slider mechanism, a rack and
pinion mechanism, and so on. Note that these mecha-
nisms are mainly constituted by a driving force source,
a feed member, and a guide member. A belt slider mech-
anism is a slide moving mechanism that has a motor as
the driving force source, a belt or a wire as the feed mem-
ber, and an LM guide member or the like as the guide
member, and causes a movement subject to slide along
the LM guide member or other guide member by trans-
mitting rotation of the motor to the belt or wire. Further,
a ball screw mechanism is a slide moving mechanism
that has a motor as the driving force source, a ball screw
or a trapezoidal screw as the feed member, and an LM
guide member or the like as the guide member, and caus-
es a movement subject to slide along the LM guide mem-
ber or other guide member by transmitting the rotation
of the motor to the ball screw or trapezoidal screw. Fur-
thermore, an air cylinder mechanism is a slide moving
mechanism that has an air compressor as the driving
force source and a piston rod that doubles as the feed
member and the guide member, and causes a movement
subject attached to the piston rod to slide using a linear
motion of the piston rod. Further, a motor cylinder mech-
anism is a slide moving mechanism that has a motor as
the driving force source and a piston rod that doubles as
the feed member and the guide member, and causes a
movement subject attached to the piston rod to slide by
transmitting the rotation of the motor to the ball screw.
An electric slider mechanism is a slide moving mecha-
nism that has a motor as the driving force source, a ball
screw or the like as the feed member, and an LM guide
member or the like as the guide member, and causes a
movement subject to slide along the LM guide member
or other guide member by transmitting the rotation of the
motor to the ball screw. Moreover, a linear slider mech-
anism is a slide moving mechanism that has a magnet
as the driving force source, another magnet as the feed
member, and an LM guide member or the like as the
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guide member, and causes a movement subject to slide
using the principles of a linear motor. Furthermore, a rack
and pinion mechanism is a slide moving mechanism that
has a motor as the driving force source, a rack and pinion
as the feed member, and an LM guide member or the
like as the guide member, and causes a movement sub-
ject attached to the rack to slide along the LM guide mem-
ber or other guide member by rotating the pinion using
the rotation of the motor.

(2) The processing apparatus according to (1) further
includes an imaging device that photographs the
processing subject in order to obtain image data re-
lating to the processing subject, and a control device
that recognizes the type of the processing subject
on the basis of the image data.
Hence, with this processing apparatus, the type of
the processing subject can be recognized, and
processing corresponding to the type of the process-
ing subject can be performed.
(3) The processing apparatus according to (2) further
includes an infrared light source that emits infrared
rays onto the processing subject, wherein the imag-
ing device obtains the image data relating to the
processing subject via an infrared filter.
For example, when an attempt is made to recognize
a processing subject having black parts on the sur-
face thereof (a striped sweatshirt having black
stripes, for example), the black parts may merge with
the background such that the processing subject is
recognized as being divided into separate pieces by
the black parts, despite being an integral processing
subject. With this processing apparatus, however,
the image data relating to the processing subject are
obtained via the infrared filter, and therefore image
data on which the entire processing subject, includ-
ing the black parts on the surface thereof, appears
whitish can be obtained. Note that the background
remains black. As a result, the black parts of the
processing subject do not merge with the back-
ground, and therefore a processing subject having
black parts on the surface thereof can be recognized
correctly.
(4) In the processing apparatus according to any one
of (1) to (3), the retaining devices and a carrying de-
vice fold the processing subject cooperatively.
With this processing apparatus, therefore, the
processing subject can be folded.
(5) A folding system according to another aspect of
the present invention includes a pair of retaining de-
vices, at least one of which includes a movable re-
taining mechanism, a carrying device that includes
a freely rotating carrying plate provided to be capable
of carrying the processing subject such that a part
of the processing subject hangs down therefrom, a
clamping mechanism that moves relative to the car-
rying device and includes a pair of clamping mem-
bers for clamping the carrying plate, and a control

device. The control device performs Control A for
controlling the carrying device and the retaining de-
vices to align a first fold line of the processing subject
with a first edge line of the carrying plate in a condition
where the carrying plate is set at a predetermined
angle from a horizontal condition, Control B for con-
trolling the retaining devices to lift the processing
subject up from the carrying plate while keeping the
processing subject folded about the first fold line,
Control C for controlling the carrying device and the
retaining devices to place the processing subject
folded about the first fold line on the surface of the
carrying plate such that a central part of the process-
ing subject on a center side of the first fold line over-
laps a first end part on an end side of the first fold
line, a second fold line of the processing subject is
aligned with a second edge line of the carrying plate,
and a second end part of the processing subject on
an end side of the second fold line hangs down from
the carrying plate, and Control D for controlling the
carrying device and the clamping device to move
relative to each other so that the second edge line
of the carrying plate and the clamping device ap-
proach each other, clamp the carrying plate between
the pair of clamping members, and then move the
carrying plate away from the clamping device.
Hence, according to this aspect, when the process-
ing subject is moved from a first side to a second
side of the carrying plate while being retained by the
pair of retaining devices in a case where the process-
ing subject is "folded in three" about the first fold line
and the second fold line thereof, the carrying plate
can be rotated in the direction in which the process-
ing subject is to be moved. Therefore, the processing
subject can be moved to the desired side without
lifting the entire processing subject above the carry-
ing plate or moving the entire processing subject by
a large amount in the horizontal direction. Accord-
ingly, the space in which the retaining devices move
can be reduced, and as a result, the overall size of
the processing apparatus can be made more com-
pact.
(6) An end point detection system according to a
further aspect of the present invention includes a pair
of retaining devices, at least one of which includes
a movable retaining mechanism, a carrying device
that includes a freely rotating carrying plate provided
to be capable of carrying the processing subject, an
imaging device that photographs the processing
subject in order to obtain image data relating to the
processing subject, and a control device. The control
device includes an end point detection unit that de-
tects an end point of the processing subject on the
basis of the image data, and in order to obtain the
image data used to detect the end point of the
processing subject, the carrying plate is rotated to-
ward the retaining devices before the retaining de-
vices lower the processing subject.
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Hence, according to this aspect, when the process-
ing subject is moved from a first side to a second
side of the carrying plate while being retained by the
pair of retaining devices in order to detect the end
point of the processing subject, the carrying plate
can be rotated in the direction in which the process-
ing subject is to be moved. Therefore, the processing
subject can be moved to the desired side without
lifting the entire processing subject above the carry-
ing plate or moving the entire processing subject by
a large amount in the horizontal direction. Accord-
ingly, the space in which the retaining devices move
can be reduced, and as a result, the overall size of
the processing apparatus can be made more com-
pact.
(7) A retaining mechanism according to a further as-
pect of the present invention includes a pair of finger
members that approach and move away from each
other, and a pair of gripping members that are at-
tached respectively to the finger members to be ca-
pable of rotating, and grip the processing subject.

[0010] Hence, according to this aspect, when a part of
the processing subject is retained by the pair of finger
members while the finger members are oriented upward
and then the finger members are oriented downward
while continuing to retain the part of the processing sub-
ject, for example, the angles of the gripping members
relative to the processing subject do not vary as the finger
members rotate, but the angles of the gripping members
relative to the finger members vary. In other words, when
the finger members are oriented downward, the gripping
members are rotated by the weight of the processing
subject so that the processing subject hangs down from
the finger members. As a result, the processing subject
is less likely to become entangled on the tip end portions
of the finger members. When the gripping members are
not provided, the processing subject can only be disen-
tangled by executing control to place the processing sub-
ject back on the carrying plate or the like temporarily, or
by providing a more complicated mechanism than the
finger members.

Brief Description of Drawings

[0011]

Fig. 1 is a perspective view showing a processing
apparatus according to an embodiment of the
present invention.
Fig. 2 is a view showing a front surface of the
processing apparatus according to this embodiment
of the present invention from the inside, and illustrat-
ing a reception transportation device, a clamping de-
vice, and a transportation device of the processing
apparatus.
Fig. 3 is a perspective view showing the reception
transportation device of the processing apparatus

according to this embodiment of the present inven-
tion.
Fig. 4 is a perspective view showing the reception
transportation device, the clamping device, and the
transportation device of the processing apparatus
according to this embodiment of the present inven-
tion.
Fig. 5 is a perspective view showing a retaining de-
vice of the processing apparatus according to this
embodiment of the present invention.
Fig. 6 is a perspective view showing a retaining
mechanism according to this embodiment of the
present invention.
Fig. 7 is a perspective view showing the retaining
mechanism according to this embodiment of the
present invention.
Fig. 8 is a perspective view showing a carrying device
of the processing apparatus according to this em-
bodiment of the present invention.
Fig. 9(a) is a view showing the front surface of the
processing apparatus according to this embodiment
of the present invention from the inside, and illustrat-
ing the transportation device of the processing ap-
paratus, and Fig. 9(b) is a side view showing a sup-
port member.
Fig. 10 is a function block diagram showing a control
device of the processing apparatus according to this
embodiment of the present invention.
Fig. 11 is a view illustrating "folding information" re-
lating to a T-shirt that serves as an example of a
processing subject.
Fig. 12 is a flowchart showing a T-shirt reception
transportation process performed by the processing
apparatus shown in Fig. 1.
Fig. 13 is a flowchart showing a T-shirt recognition
process performed by the processing apparatus
shown in Fig. 1.
Fig. 14 is a flowchart showing a T-shirt folding proc-
ess performed by the processing apparatus shown
in Fig. 1.
Fig. 15 is a flowchart showing a T-shirt transportation
process performed by the processing apparatus
shown in Fig. 1.
Fig. 16 is a view illustrating a T-shirt processing op-
eration performed by the processing apparatus
shown in Fig. 1.
Fig. 17 is a view illustrating the T-shirt processing
operation performed by the processing apparatus
shown in Fig. 1.
Fig. 18 is a view illustrating the T-shirt processing
operation performed by the processing apparatus
shown in Fig. 1.
Fig. 19 is a view illustrating the T-shirt processing
operation performed by the processing apparatus
shown in Fig. 1.
Fig. 20 is a view illustrating the T-shirt processing
operation performed by the processing apparatus
shown in Fig. 1.
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Fig. 21 is a view illustrating the T-shirt processing
operation performed by the processing apparatus
shown in Fig. 1.
Fig. 22 is a view illustrating the T-shirt processing
operation performed by the processing apparatus
shown in Fig. 1.
Fig. 23 is a view illustrating the T-shirt processing
operation performed by the processing apparatus
shown in Fig. 1.
Fig. 24 is a view illustrating the T-shirt processing
operation performed by the processing apparatus
shown in Fig. 1.
Fig. 25 is a left side view showing a condition in which
a door of the processing apparatus according to this
embodiment of the present invention is open.
Fig. 26 is a view showing another example of the
retaining device according to modified example (I).
Fig. 27 is a view illustrating a T-shirt processing op-
eration according to modified example (I).
Fig. 28 is a view illustrating the T-shirt processing
operation according to modified example (I).
Fig. 29 is a view illustrating the T-shirt processing
operation according to modified example (I).
Fig. 30 is a view illustrating a T-shirt processing op-
eration according to modified example (L).
Fig. 31 is a view illustrating the T-shirt processing
operation according to modified example (L).
Fig. 32 is a view illustrating first and second convey-
ors according to modified example (O).
Fig. 33 is a view illustrating an auxiliary reception
member according to modified example (P).
Fig. 34 is a view illustrating a T-shirt processing op-
eration according to modified example (R).
Fig. 35 is a view illustrating the T-shirt processing
operation according to modified example (R).
Fig. 36 is a view illustrating the T-shirt processing
operation according to modified example (R).
Fig. 37 is a view illustrating a slacks processing op-
eration according to modified example (S).
Fig. 38 is a view illustrating the slacks processing
operation according to modified example (S).
Fig. 39 is a view illustrating the slacks processing
operation according to modified example (S).
Fig. 40 is a view illustrating the slacks processing
operation according to modified example (S).
Fig. 41 is a view illustrating the slacks processing
operation according to modified example (S).
Fig. 42 is a view illustrating the slacks processing
operation according to modified example (S).
Fig. 43 is a view illustrating a T-shirt processing op-
eration according to modified example (U).
Fig. 44 is a view illustrating the T-shirt processing
operation according to modified example (U).
Fig. 45 is a view illustrating a towel processing op-
eration according to modified example (V).
Fig. 46 is a view illustrating the towel processing op-
eration according to modified example (V).
Fig. 47 is a view illustrating the towel processing op-

eration according to modified example (V).
Fig. 48 is a view illustrating processing operation per-
formed using a carrying body according to modified
example (X).
Fig. 49 is a view illustrating the processing operation
performed using the carrying body according to mod-
ified example (X).
Fig. 50(a) is a schematic front view showing a
processing apparatus 1A according to modified ex-
ample (Z), and Fig. 50(b) is a side view thereof.

Description of Embodiments

[Overall configuration of processing apparatus]

[0012] A processing apparatus 1 according to this em-
bodiment is an apparatus for retaining, recognizing, fold-
ing, and transporting a processing subject T constituted
by a deformable thin object. As shown in Fig. 1, the
processing apparatus 1 mainly includes a frame 100, a
reception transportation device 200, retaining devices
300A, 300B, a carrying device 400, an imaging device
500, a clamping device 700, a transportation device 800,
and a control device 900 (Fig. 10).
[0013] Note that the processing subject T is a deform-
able thin object represented by a textile such as a gar-
ment or a towel, a film, a piece of paper, a sheet, or the
like, for example, and the processing subject may have
a rectangular shape such as that of a towel, or a sub-
stantially rectangular shape such as that of a T-shirt or
a running shirt.

[Frame 100]

[0014] The frame 100 is constituted by four frame piec-
es 102, and a frame base 104 provided on the bottom of
the frame pieces 102. Further, respective upper ends of
the frame pieces 102 that are adjacent to each other in
a front-rear direction (the direction of an arrow Y) are
connected by lateral frame pieces 105. Furthermore, wall
surfaces are provided respectively between the frame
pieces 102. As a result, an enclosed internal space is
formed in the processing apparatus 1. Note that in the
following description, a wall surface to which a door main
body 210 is attached will be referred to as a front surface
106A, a wall surface opposing the front surface 106A will
be referred to as a back surface 106B, a right side wall
surface will be referred to as a right side surface 106C,
and a left side wall surface will be referred to as a left
side surface 106D.

[Reception transportation device 200]

[0015] The reception transportation device 200 is a de-
vice for receiving the processing subject T from the out-
side, and as shown in Figs. 2 to 4, includes a door 202
(Fig. 2) and a transportation conveyor 204 (Fig. 3). The
reception transportation device 200 is connected com-
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municably to the control device 900, to be described be-
low, either by wire or wirelessly. The control device 900
controls an operation of the transportation conveyor 204.
[0016] The door 202 is disposed in a position slightly
below the center of the front surface 106A of the process-
ing apparatus 1 so as to be easily accessible to a user.
As shown in Fig. 2, the door 202 includes the door main
body 210, a door shaft 212, a pair of door shaft retaining
members 214, a door opening/closing motor 216, door
opening/closing motor power transmitting means 218, a
processing subject reception member 220, and a barrier
member 222.
[0017] The door main body 210 is a rectangular plate
used to open and close an opening portion O (Fig. 1)
formed in the front surface 106A of the processing ap-
paratus 1. The door shaft 212 is attached to a lower end
portion of the door main body 210 such that a rotary axis
thereof extends in a width direction (the direction of an
arrow X).
[0018] The pair of door shaft retaining members 214
retain respective end portions of the door shaft 212 so
that the door shaft 212 is free to rotate. Further, the re-
spective door shaft retaining members 214 are attached
to a rear side of the front surface 106A.
[0019] The door opening/closing motor 216 is capable
of rotating normally and in reverse, and is attached to a
rear surface of the front surface 106A in the vicinity of
the opening portion O.
[0020] The door opening/closing motor power trans-
mitting means 218 is constituted by a drive side pulley
224, a driven side pulley 226, and a belt 228. The drive
side pulley 224 is attached to an output shaft end of the
door opening/closing motor 216. The driven side pulley
226 is attached to the door shaft 212 in the vicinity of the
door opening/closing motor 216. The belt 228 is wound
around the drive side pulley 224 and the driven side pulley
226.
[0021] By means of this configuration, rotary force from
the door opening/closing motor 216 is transmitted to the
door shaft 212 via the door opening/closing motor power
transmitting means 218. When the door shaft 212 rotates
about the rotary axis, the door main body 210 rotates
about the door shaft 212. The opening portion O is
opened and closed by rotating the door main body 210.
[0022] As shown in Fig. 4, the processing subject re-
ception member 220 is constituted by a pair of side sur-
face plates 230, a bottom surface plate 232, and a back
surface plate 234. The processing subject reception
member 220 is attached to an inner surface of the door
main body 210. By attaching the processing subject re-
ception member 220 to the door main body 210, a space
for receiving the processed processing subject T is
formed on the rear side of the door main body 210. A
processing subject reception box R is disposed in this
space. A basket may be used instead of the processing
subject reception box R, or the processed processing
subject T may be carried directly on the bottom surface
plate 232.

[0023] The barrier member 222 is an elongated mem-
ber that extends in the width direction (the direction of
the arrow X) and has an arc-shaped cross-section. A
height of the barrier member 222 (in the direction of an
arrow Z) may be set as desired, but is preferably set to
be approximately equal to or slightly larger than a diam-
eter (10 to 20 mm, for example) of a substantially disc-
shaped gripping member 328 (see Fig. 6) of the retaining
mechanism 322, for example. By setting the height in this
manner, the processing subject can be gripped by the
entire surface of the gripping member 328 of the retaining
mechanism 322 when lifted onto the barrier member 222.
[0024] Further, one end of each of the pair of support
members 236 is connected to a back surface (a convex
surface opposing the door main body 210) of the barrier
member 222. The other ends of the support members
236 are connected to respective lower end portions of
the side surface plates 230 forming the processing sub-
ject reception member 220. As a result, the barrier mem-
ber 222 is disposed substantially parallel to the door main
body 210 in a more deep-set position than the processing
subject reception member 220.
[0025] As shown in Fig. 3, the transportation conveyor
204 is disposed directly beneath the processing subject
reception member 220 when the door main body 210 is
closed. The transportation conveyor 204 includes four
support frames 238 standing substantially vertically up-
right from the frame base 104, a pair of rollers 240, a
conveyor belt 242, a conveyor drive motor 244, and con-
veyor drive motor power transmitting means 246.
[0026] The pair of rollers 240 are suspended rotatably
between respective pairs of the support frames 238 such
that respective rotary axes thereof extend in the width
direction (the direction of the arrow X). Further, a height
direction position of each roller 240 is set such that a line
linking respective upper ends of the surfaces of the two
rollers 240 is separated from a lower end of the barrier
member 222 when the door main body 210 is closed by
a slightly larger amount than a thickness of the conveyor
belt 242. Hence, when the door main body 210 is closed,
the lower end of the barrier member 222 is positioned in
the vicinity of an upper surface of the conveyor belt 242.
The conveyor belt 242 is wound around the pair of rollers
240.
[0027] The conveyor drive motor 244 is capable of ro-
tating normally and in reverse, and as shown in Fig. 3,
is attached to an upper surface of the frame base 104.
The conveyor drive motor power transmitting means 246
is constituted by a drive side pulley 248, a driven side
pulley 250, and a belt 252. The drive side pulley 248 is
attached to an output shaft end of the conveyor drive
motor 244. The driven side pulley 250 is attached to one
of the rollers 240. The belt 252 is wound around the drive
side pulley 248 and the driven side pulley 250.
[0028] By means of this configuration, rotary force from
the conveyor drive motor 244 is transmitted to one of the
rollers 240 (the roller 240 disposed directly beneath the
door 202) via the conveyor drive motor power transmit-
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ting means 246. When this roller 240 rotates, the con-
veyor belt 242 rotates in the same direction. As will be
described below, the rotation direction (a forward direc-
tion or a reverse direction) of the conveyor drive motor
244 is controlled by the control device 900. Note that in
this specification, rotation by which the conveyor belt 242
moves away from the door main body 210 will be referred
to as "forward direction rotation", and rotation by which
the conveyor belt 242 approaches the door main body
210 will be referred to as "reverse direction rotation".

[Retaining device 300]

[0029] The retaining device 300 retains and lifts up the
processing subject T carried on the transportation con-
veyor 204 of the reception transportation device 200, and
performs operations to recognize and fold the processing
subject T cooperatively with the carrying device 400. (A
retaining system for retaining the processing subject T
is constituted by at least the transportation conveyor 204
and barrier member 222 described above, and the re-
taining device 300.) As shown in Fig. 1, the processing
apparatus 1 includes the pair of retaining devices 300A,
300B, which respectively include retaining mechanisms
310A, 310B and moving mechanisms 320A, 320B. Note
that the pair of retaining mechanisms 300A, 300B are
disposed side by side in the front-rear direction (the di-
rection of the arrow Y). In the following description, the
two retaining devices and constituent elements thereof
will be differentiated by attaching a suffix "A" to the re-
taining device and constituent elements thereof that are
closer to the door 202 and attaching a suffix "B" to the
retaining device and constituent elements thereof that
are further from the door 202.
[0030] The retaining device 300B will now be described
using Fig. 5. Note that the retaining device 300A is con-
figured basically identically to the retaining device 300B,
and can be described by replacing the reference symbol
"B" of the retaining device 300A with the reference sym-
bol "A". Accordingly, description thereof has been omit-
ted.
[0031] The retaining mechanism 310B retains a part
of the processing subject T. Further, the moving mech-
anism 320B moves the retaining mechanism 310B. The
retaining device 300B is connected communicably to the
control device 900, to be described below, either by wire
or wirelessly. Operations of the retaining mechanism
310B and the moving mechanism 320B are controlled
by the control device 900.
[0032] A gripping mechanism that actively grips the
processing subject T or a hooking mechanism that simply
hooks the processing subject T may be used as the re-
taining mechanism 310B. In the processing apparatus 1
according to this embodiment, a gripping mechanism is
used in the retaining device 300B as the retaining mech-
anism 310B, and therefore a case in which the retaining
mechanism is a gripping mechanism will be described
below.

[0033] As shown in Figs. 6 and 7, the retaining mech-
anism 310B includes a pair of finger members 322B, a
linear actuator 324B, and a rotary actuator 326B. Note
that Fig. 6 shows a condition in which the pair of finger
members 322B are separated from each other, while Fig.
7 shows a condition in which the pair of finger members
322B are in contact with each other. Further, a substan-
tially disc-shaped gripping member 328B is attached to
a tip end portion of each finger member 322B to be free
to rotate. Furthermore, the linear actuator 324B is con-
nected to the rotary actuator 326B via a connecting plate
330B having an L-shaped cross-section.
[0034] The pair of finger members 322B serve to grip
the processing subject T. More specifically, the gripping
members 328B attached to the respective tip end por-
tions of the finger members 322B grip the processing
subject T by directly contacting the processing subject T.
[0035] The linear actuator 324B causes the pair of fin-
ger members 322B to approach or move away from each
other. In this embodiment, one of the finger members
322B is fixed to the linear actuator 324B, and the other
finger member 322B moves in response to an operation
of the linear actuator 324B.
[0036] The rotary actuator 326B rotates the linear ac-
tuator 324B in the direction of an arrow R1 via the con-
necting plate 330B with the horizontal direction (the di-
rection of the arrow X) serving as a rotary axis.
[0037] As shown in Fig. 5, the moving mechanism
320B includes a width direction moving mechanism
332B, a pair of up-down direction moving mechanisms
334B, and a front-rear direction moving mechanism
336B.
[0038] The width direction moving mechanism 332B
moves the retaining mechanism 310B in the width direc-
tion (the direction of the arrow X). The up-down direction
moving mechanisms 334B move the retaining mecha-
nism 310B in an up-down direction (the direction of the
arrow Z) together with the width direction moving mech-
anism 332B. Further, the front-rear moving mechanism
336B moves the up-down direction moving mechanisms
334B, the width direction moving mechanism 332B, and
the retaining mechanism 310B in the front-rear direction
(the direction of the arrow Y).
[0039] As described above, the width direction moving
mechanism 332B is provided in order to move the retain-
ing mechanism 310B in the width direction (the direction
of the arrow X). The width direction moving mechanism
332B includes a width direction moving motor 338B serv-
ing as a driving force source, and a linear guide 340B.
[0040] The linear guide 340B is inserted into the width
direction moving motor 338B. The linear guide 340B
takes the shape of a round bar that is suspended between
a right-left pair of up-down moving plates 344BR, 344BL
of the up-down direction moving mechanism 334B. In
other words, the linear guide 340B is disposed such that
a lengthwise direction thereof extends in the width direc-
tion (the direction of the arrow X). When energized, the
width direction moving motor 338B slides along the linear
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guide 340B. The rotary actuator 326B of the retaining
mechanism 310B is fixed to the width direction moving
motor 338B. When the width direction moving motor
338B moves in the width direction (the direction of the
arrow X) along the linear guide 340B, the retaining mech-
anism 310B fixed to the width direction moving motor
338B moves in the width direction (the direction of the
arrow X).
[0041] The up-down direction moving mechanism
334B moves the width direction moving mechanism 332B
in the up-down direction (the direction of the arrow Z).
The upper-down direction moving mechanism 334B in-
cludes the right-left pair of up-down moving plates
344BR, 344BL, and a right-left pair of elevating units
346BR, 346BL. In the following description, the up-down
moving plates, the elevating units, and constituent ele-
ments thereof will be differentiated by attaching a suffix
"R" to the up-down moving plates, elevating units and
constituent elements thereof that are disposed on the
right side when the processing apparatus 1 is seen from
the front, and attaching a suffix "L" to the up-down moving
plates, elevating units and constituent elements thereof
that are disposed on the left side. Note that the up-down
moving plate 344BL and the elevating unit 346BL are
respectively configured basically identically to the up-
down moving plate 344BR and the elevating unit 346BR,
and can be described by replacing the reference symbol
"R" of the up-down moving plate 344BR and the elevating
unit 346BR with the reference symbol "L". Accordingly,
description thereof has been omitted.
[0042] The width direction moving mechanism 332B,
described above, is attached to the up-down moving
plate 344BR. The up-down moving plate 344BR is at-
tached to the elevating unit 346BR. The elevating unit
346BR is attached to a frame body 348BR, to be de-
scribed below, of the front-rear direction moving mech-
anism 336B.
[0043] The elevating unit 346BR includes an up-down
direction drive motor 350BR serving as a driving force
source, a ball screw 352BR, and a nut 354BR. The up-
down direction drive motor 350BR is capable of rotating
normally and in reverse. The up-down direction drive mo-
tor 350BR is fixed to a lower portion of the frame body
348BR of the front-rear direction moving mechanism
336B. The ball screw 352BR is disposed to extend in a
vertical direction (the direction of the arrow Z) so as to
receive driving force from the up-down direction drive
motor 350BR. The nut 354BR is screwed to the ball screw
352BR so as to move in the up-down direction (the di-
rection of the arrow Z) as the ball screw 352BR rotates.
Further, the up-down moving plate 344BR is fixed to the
nut 354BR.
[0044] When the up-down direction drive motor 350BR
of the elevating unit 346BR is driven, the ball screw
352BR rotates. Accordingly, the nut 354BR screwed to
the ball screw 352BR moves in a rotary axis direction of
the ball screw 352BR (the direction of the arrow Z),
whereby the up-down moving plate 344BR attached to

the nut 354BR moves in the rotary axis direction (the
direction of the arrow Z). By operating the up-down di-
rection drive motors 350BR, 350RL synchronously, the
width direction moving mechanism 332B is moved in the
up-down direction (the direction of the arrow Z).
[0045] The front-rear direction moving mechanism
336B is constituted by a left-right pair of mechanisms that
move the up-down direction moving mechanism 334B,
described above, in the front-rear direction (the direction
of the arrow Y). The front-rear direction moving mecha-
nisms 336B each include a frame body 348B, a plurality
of slide guides 356B, a front-rear direction drive motor
358B, and a linear guide 360B. The up-down direction
moving mechanism 334B, described above, is attached
to the frame bodies 348B. In the following description,
the front-rear direction moving mechanisms 336B and
constituent elements thereof will be differentiated by at-
taching a suffix "R" to the front-rear direction moving
mechanism 336B and constituent elements thereof that
are disposed on the right side when the processing ap-
paratus 1 is seen from the front, and attaching a suffix
"L" to the left side front-rear direction moving mechanism
336B and constituent elements thereof. Note that the
front-rear direction moving mechanism 336BL is config-
ured basically identically to the front-rear direction mov-
ing mechanism 336BR, and can be described by replac-
ing the reference symbol "R" of the front-rear direction
moving mechanism 336BR with the reference symbol
"L". Accordingly, description thereof has been omitted.
[0046] The slide guides 356BR guide front-rear move-
ment of the front-rear direction moving mechanism
336BR. Two sets of the slide guide sets 356BR are used
for the single front-rear direction moving mechanism
336BR. Each slide guide set 356BR includes an LM guide
362BR and a slider 364BR. The LM guides 362BR are
disposed on an inner surface of the right side surface
106C such that respective lengthwise directions thereof
are aligned with the front-rear direction (the direction of
the arrow Y). The sliders 364BR are attached respec-
tively to the frame body 348BR. Note that the LM guides
362BR are also used by the slide guides 356AR provided
on the moving mechanism 320A of the retaining device
300A. In other words, LM guides 362AR and the LM
guides 362BR are identical members.
[0047] The linear guide 360BR is inserted into the front-
rear direction drive motor 358BR. Two sets of the front-
rear direction drive motor 358BR and the linear guide
360BR are used for the single front-rear direction moving
mechanism 336BR. One front-rear direction drive motor
358BR is attached to an upper end of the frame body
348BR. The other front-rear direction drive motor 358BR
is attached to a lower end of the frame body 348BR. The
linear guides 360BR are disposed on the inner surface
of the right side surface 106C such that respective length-
wise directions thereof are aligned with the front-rear di-
rection (the direction of the arrow Y). When the front-rear
direction drive motor 358BR moves along the linear guide
360BR, the frame body 348BR moves together therewith.
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When the frame body 348BR moves, the width direction
moving mechanism 332BR and the retaining mechanism
310B likewise move therewith. Note that the linear guide
360BR is also used by the moving mechanism 320A of
the retaining device 300A. In other words, a linear guide
360AR and the linear guide 360BR are identical mem-
bers.

[Carrying device 400]

[0048] As shown in Fig. 8, the carrying device 400 ro-
tates and moves the carrying plate 402 carrying the
processing subject T during recognition processing and
folding processing. The carrying device 400 mainly in-
cludes the carrying plate 402, a right-left pair of frame
bodies 404R, 404L, a rotation mechanism 406, a front-
rear direction moving mechanism 408, and a processing
subject sensor 409.
[0049] The carrying plate 402 is constituted by a car-
rying plate main body 410 formed from a substantially
rectangular plate, and a rotary shaft 412. The rotary shaft
412 is fixed to the carrying plate main body 410 so as to
be offset from a width direction center of the carrying
plate main body 410 toward one long side thereof. Since
the carrying plate main body 410 is disposed at an offset
relative to the rotary shaft 412, respective distances from
the rotary shaft 412 to the long sides of the carrying plate
main body 410 differ on each long side. Accordingly, by
bringing the processing subject T into contact with the
long side that is further from the rotary shaft 412, for ex-
ample, the processing subject T can be lifted higher at
an identical tilt angle (60 degrees, for example) than in
a case where the carrying plate main body 410 is not
offset, and as a result, the limited space within the
processing apparatus 1 can be used more effectively.
[0050] Further, the rotary shaft 412 is formed to be
longer than the carrying plate main body 410, and there-
fore projects from respective short sides of the carrying
plate main body 410. A right end of the rotary shaft 412
(in the direction of an arrow X1) is connected to a rotary
center of an upper side pulley 426 of the rotation mech-
anism 406, to be described below. The rotary shaft 412
is disposed such that a central axis thereof is aligned with
the left-right direction (the direction of the arrow X). Fur-
ther, rotation of the rotary shaft 412 in a counterclockwise
direction, as seen from the left side surface 106D, will be
referred to as "forward direction rotation", while rotation
of the rotary shaft 412 in a clockwise direction will be
referred to as "reverse direction rotation".
[0051] The right-left pair of frame bodies 404R, 404L
are members for retaining the rotary shaft 412 rotatably
at a predetermined height. The right side frame body
404R includes a rectangular parallelepiped-shaped hol-
low member 418 having an internal space, and a bracket
420 (for convenience, Fig. 8 shows a condition in which
the bracket 420 on the left side (in the direction of an
arrow X2) has been removed). The bracket 420 is a sub-
stantially rhomboid plate. The hollow member 418 is at-

tached to the bracket 420 so as to extend along a long
axis thereof. Further, a moving plate 416R is attached to
the bracket 420 so as to extend along a short axis thereof.
As a result, the hollow member 418 stands upright from
the moving plate 416. Furthermore, a bearing 421 that
retains a left end (in the direction of the arrow X2) of the
rotary shaft 412 rotatably is provided on an upper end
portion of a strut 419.
[0052] The rotation mechanism 406 rotates the carry-
ing plate 402. The rotation mechanism 406 mainly in-
cludes a rotation motor 422, a lower side pulley 424, the
upper side pulley 426, and a belt 428.
[0053] The rotation motor 422 generates driving force
for rotating the carrying plate 402. The rotation motor 422
is fixed to the moving plate 416R. Further, a turntable
430 is attached to an output shaft end of the rotation
motor 422.
[0054] The lower side pulley 424 receives the driving
force from the rotation motor 422. The lower side pulley
424 is retained rotatably by a substantially U-shaped low-
er side pulley retaining member 432. The output shaft of
the rotation motor 422 is set at a substantially orthogonal
orientation to a rotary axis of the lower side pulley 424.
The rotation motor 422 and the lower side pulley 424 are
positioned so that an outer edge of the turntable 430 con-
tacts a peripheral edge surface of the lower side pulley
424. As a result, the driving force from the rotation motor
422 is transmitted to the lower side pulley 424 at a 90°
offset.
[0055] As described above, the tip end of the rotary
shaft 412 of the carrying plate 402 is attached to the cent-
er of the upper side pulley 426. Further, the belt 428 is
wound around the upper side pulley 426 and the lower
side pulley 424. As a result, driving force received from
the rotation motor 422 is transmitted from the lower side
pulley 424 to the upper side pulley 426 via the belt 428.
The upper side pulley 426 rotates upon reception of the
driving force. When the upper side pulley 426 rotates,
the carrying plate 402 also rotates.
[0056] The front-rear direction moving mechanism 408
includes the right-left pair of moving plates 416R, 416L,
a connecting member 434 for connecting the right-left
pair of frame bodies 404R, 404L to each other, a front-
rear direction drive motor 436, and a linear guide 438.
Further, the front-rear direction moving mechanism 408
is disposed below the transportation conveyor 204 of the
reception transportation device 200.
[0057] The connecting member 434 connects lower
ends of the two frame bodies 404R, 404L to each other
on the lower side of the transportation conveyor 204. In
other words, the connecting member 434 extends in the
width direction (the direction of the arrow X).
[0058] The linear guide 438 is inserted into the front-
rear direction drive motor 436. The front-rear direction
drive motor 436 is attached to a lower side of the con-
necting member 434, described above, via a bracket 440.
The linear guide 438 is disposed such that a lengthwise
direction thereof is aligned with the front-rear direction
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(the direction of the arrow Y). Moreover, the front-rear
direction drive motor 436 is attached to the lower side of
a central portion of the connecting member 434.
[0059] When the front-rear direction drive motor 436
moves along the linear guide 438, the connecting mem-
ber 434 moves in the same direction. When the connect-
ing member 434 moves, the frame bodies 404R, 404L
and the carrying plate 402 also move in the same direc-
tion.
[0060] The processing subject sensor 409 is attached
to a surface of the moving plate 416R so as to be oriented
toward the moving plate 416L. In other words, the
processing subject sensor 409 is attached in a substan-
tially orthogonal orientation relative to the conveyor belt
242 of the transportation conveyor 204. By attaching the
processing subject sensor 409 to the moving plate 416R
in this manner, when the carrying device 400 is moved
in the front-rear direction by the front-rear direction mov-
ing mechanism 408, the processing subject sensor 409
moves in the front-rear direction simultaneously there-
with.
[0061] The processing subject sensor 409 is an ob-
struction detection sensor that issues an obstruction de-
tection signal after detecting an obstruction (the process-
ing subject T, for example) in front of the processing sub-
ject sensor 409. In this embodiment, the obstruction de-
tection signal issued by the processing subject sensor
409 is transmitted to the control device 900 over a signal
line.

[Imaging device 500]

[0062] The imaging device 500 detects an end point
or the like of the processing subject T during the process-
ing for receiving and transporting the processing subject
T and the processing for recognizing and folding the
processing subject T. As shown in Fig. 1, the imaging
device 500 includes a first imaging unit 502 and a second
imaging unit 504. Digital still cameras are used as the
respective imaging units 502, 504. Note that wide angle
lenses may be used as lenses of the digital still cameras
used as the first imaging unit 502 and the second imaging
unit 504. In this case, visual fields of the respective im-
aging units 502, 504 are widened, and as a result, a larger
processing subject T can be photographed by a single
imaging unit. In this embodiment, an imaging range of
the imaging device 500 extends at least below the
processing apparatus 1 including the barrier member 222
so that a first point P directly above the barrier member
222 can be detected (see Fig. 17(f)). Monochrome or
color CCDs, for example, can be used as image sensors
of the digital still cameras. When color CCDs are used,
the "color" of the processing subject T can be used during
the recognition process performed on the processing
subject T as an element for determining whether or not
the processing subject T has been recognized.
[0063] The first imaging unit 502 is attached to an inner
wall surface of the processing apparatus 1 on a far side

(in the direction of an arrow Y1) so as to be oriented
toward an inner side of the door main body 210. Further,
the second imaging unit 504 is attached to an inner wall
surface of the processing apparatus 1 on one side face
(in the direction of an arrow X1) thereof so as to be ori-
ented toward the other side face (in the direction of the
arrow X2). In other words, an imaging direction employed
by the first imaging unit 502 and an imaging direction
employed by the second imaging unit 504 are substan-
tially orthogonal. Accordingly, the processing subject T
can be recognized in three dimensions, and as a result,
the processing subject T can be retained more accurately
by the retaining mechanisms 310A, 310B. The first im-
aging unit 502 and the second imaging unit 504 may be
attached in different height positions (in the Z direction).
In this case, a situation in which the first imaging unit 502
and the second imaging unit 504 enter blind spots simul-
taneously due to movement of structures (the retaining
devices 300A, 300B, for example) in the processing ap-
paratus 1 and so on can be avoided. Hence, the first
imaging unit 502 and the second imaging unit 504 are
preferably disposed in consideration of the structures in
the processing apparatus 1, the movement loci thereof,
and so on to ensure that the two imaging units do not
enter blind spots simultaneously.

[Clamping device 700]

[0064] The clamping device 700 receives the process-
ing subject T from the carrying device 400 by clamping
the processing subject T when the processing subject T
is transported thereto while carried on the carrying plate
402 of the carrying device 400. As shown in Figs. 2 and
4, the clamping device 700 mainly includes an upper side
clamping plate 702, a lower side clamping plate 704, an
upper side clamping plate rotary shaft 706, a lower side
clamping plate rotary shaft 708, upper side bearings 710,
lower side bearings 712, a clamping plate rotation motor
714, and driving force transmitting means 716.
[0065] The upper side clamping plate 702 is a rectan-
gular plate disposed such that a lengthwise direction
thereof is aligned with the width direction (the direction
of the arrow X). The upper side clamping plate rotary
shaft 706 is attached to a lower side edge portion of the
upper side clamping plate 702. The upper side clamping
plate rotary shaft 706 is disposed such that a rotary axis
thereof is aligned with the width direction (the direction
of the arrow X). The pair of upper side bearings 710 are
attached to respective end portions of the upper side
clamping plate rotary shaft 706. The upper side bearings
710 are attached to an inner side of the front surface
106A of the processing apparatus 1 on which the door
main body 210 is provided.
[0066] The lower side clamping plate 704 is a rectan-
gular plate having a larger surface area than the upper
side clamping plate 702 described above. Further, the
lower side clamping plate 704 is disposed such that a
lengthwise direction thereof is aligned with the width di-
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rection (the direction of the arrow X). Furthermore, the
lower side clamping plate 704 is disposed directly below
the upper side clamping plate 702. The lower side clamp-
ing plate rotary shaft 708 is attached to an upper side
edge portion of the lower side clamping plate 704. The
lower side clamping plate rotary shaft 708 is disposed
such that a rotary axis thereof is aligned with the width
direction (the direction of the arrow X). The pair of lower
side bearings 712 are attached to respective end portions
of the lower side clamping plate rotary shaft 708. The
lower side bearings 712 are attached to the front surface
106A. Further, the lower side clamping plate rotary shaft
708 is disposed such that the rotary axis thereof is aligned
with the width direction (the direction of the arrow X) and
so as to be parallel to the upper side clamping plate rotary
shaft 706. Moreover, a plurality of rectilinear slits 730 are
formed in the lower side clamping plate 704 so as to
extend from the side of the long side to which the lower
side clamping plate rotary shaft 708 is attached to the
edge of the other long side. The slits 730 are formed to
have a slightly larger width than support members 808
of the transportation device 800 so that the support mem-
bers 808 can be inserted into the slits 730, as will be
described below.
[0067] The clamping plate rotation motor 714 is capa-
ble of rotating normally and in reverse, and generates
driving force for rotating the upper side clamping plate
702 and the lower side clamping plate 704. The clamping
plate rotation motor 714 is attached to the inner side of
the front surface 106A, similarly to the bearings 710, 712.
[0068] The driving force transmitting means 716 in-
cludes a drive side pulley 718, a driven side pulley 720,
a belt 722, and interlocking means 724.
[0069] The drive side pulley 718 is attached to an out-
put shaft end of the clamping plate rotation motor 714.
The driven side pulley 720 is attached to the end of the
lower side clamping plate rotary shaft 708 that is closer
to the clamping plate rotation motor 714. The belt 722 is
wound around the drive side pulley 718 and the driven
side pulley 720.
[0070] The interlocking means 724 is constituted by a
first gear 726 attached to the upper side clamping plate
rotary shaft 706 and a second gear 728 attached to the
lower side clamping plate rotary shaft 708.
[0071] As a result, the driving force from the clamping
plate rotation motor 714 is transmitted to the lower side
clamping plate rotary shaft 708 via the drive side pulley
718, the belt 722, and the driven side pulley 720. The
lower side clamping plate rotary shaft 708 to which the
driving force is transmitted rotates in a predetermined
direction. Further, the driving force transmitted to the low-
er side clamping plate rotary shaft 708 is transmitted also
to the upper side clamping plate rotary shaft 706 via the
interlocking means 724. Since the gears 726, 728 are
used as the interlocking means 724, the upper side
clamping plate rotary shaft 706 rotates in an opposite
rotation direction to the lower side clamping plate rotary
shaft 708. For example, when the upper side clamping

plate rotary shaft 706 rotates clockwise, the lower side
clamping plate rotary shaft 708 rotates counterclockwise.
The upper side clamping plate 702 and the lower side
clamping plate 704 can thus be caused to approach and
move away from each other, whereby the clamping de-
vice 700 can perform clamping and releasing operations.

[Transportation device 800]

[0072] The transportation device 800 receives the
processed processing subject T from the clamping de-
vice 700, and transports the received processing subject
T. The transportation device 800 is disposed on a down-
stream side of a processing subject processing device
constituted by at least one of the devices from the recep-
tion transportation device 200 to the clamping device
700, and together with the processing subject processing
device constitutes a processing subject processing sys-
tem. As shown in Fig. 9(a), the transportation device 800
mainly includes a support 802, a support rotation mech-
anism (a rotation mechanism) 804, and a support up-
down moving mechanism 806. Note that for conven-
ience, Fig. 9 shows a condition in which the lower side
clamping plate 704 of the clamping device 700 has been
removed.
[0073] The support 802 supports the processing sub-
ject T received from the clamping device 700. The sup-
port 802 includes the plurality of (in this embodiment,
four) support members 808, and a support shaft 810.
One end of each support member 808 is attached to a
lateral periphery of the support shaft 810 so that the re-
spective support members 808 are arranged in a row
with gaps therebetween. Further, the support members
808 are attached in an orthogonal orientation relative to
a lengthwise direction of the support shaft 810. As a re-
sult, the support 802 is formed in a comb tooth shape.
[0074] As shown in Fig. 9(b), each support member
808 is constituted by a reception portion 832 and a curved
portion 834. The reception portion 832 is a rectilinear
portion attached at one end to the support shaft 810.
Further, the curved portion 834 is an arc-shaped portion
that extends upward at an incline from the other end of
the reception portion 832 (the curved portion 834 is not
limited to an arc shape, and may take any shape that
extends upward at an incline).
[0075] The support rotation mechanism 804 includes
a frame 812 and a rotation motor 814. The frame 812 is
attached to the inner side of the front surface 106A (the
wall surface in the direction of an arrow Y2) of the
processing apparatus 1, on which the door main body
210 is provided, below the lower side clamping plate ro-
tary shaft 708 of the clamping device 700. Further, the
frame 812 is an elongated member that extends in the
width direction (the direction of the arrow X) and supports
the support shaft 810 rotatably.
[0076] The rotation motor 814 is capable of rotating
normally and in reverse, and generates driving force for
rotating the support shaft 810. The rotation motor 814 is
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fixed to a right side end (in the direction of the arrow X1)
of the frame 812. An output shaft of the rotation motor
814 is connected to a right side end (in the direction of
the arrow X1) of the support shaft 810. As a result, the
support shaft 810 can be rotated by the driving force of
the rotation motor 814. Using the support shaft 810, po-
sitions in which the support members 808 hang down,
positions in which the support members 808 are substan-
tially horizontal, and so on can be set as desired.
[0077] The support up-down moving mechanism 806
moves the support rotation mechanism 804 and the sup-
port 802 up and down. The support up-down moving
mechanism 806 mainly includes a pair of ball screws 816,
a pair of nuts 817, an up-down moving motor 818, and
driving force transmitting means 820.
[0078] The pair of ball screws 816 are attached to the
inner side of the front surface 106A. Further, the ball
screws 816 are disposed in the up-down direction (the
direction of the arrow Z) via a gap that is slightly narrower
than a horizontal direction length of the frame 812. The
nuts 817 are screwed respectively to the ball screws 816.
The nuts 817 are attached to respective end portions of
the frame 812.
[0079] The up-down moving motor 818 is capable of
rotating normally and in reverse, and generates driving
force for moving the support rotation mechanism 804 and
the support 802 up and down. The up-down moving motor
818 is attached to the inner side of the front surface 106A.
Further, an attachment height of the up-down moving
motor 818 is set in the vicinity of a lowermost end to which
the support 802 can be moved.
[0080] The driving force transmitting means 820 trans-
mit the driving force of the up-down moving motor 818
to the pair of ball screws 816. The driving force transmit-
ting means 820 includes a drive side pulley 822, a driven
side pulley 824, a pair of interlocking pulleys 826, a drive
belt 828, and an interlocking belt 830.
[0081] The drive side pulley 822 is attached to an out-
put shaft end of the up-down moving motor 818. The
driven side pulley 824 is attached to a lower end of the
ball screw 816 that is closest to the up-down moving mo-
tor 818. The pair of interlocking pulleys 826 are attached
to respective upper ends of the pair of ball screws 816.
The drive belt 828 is wound around the drive side pulley
822 and the driven side pulley 824. The interlocking belt
830 is wound around the pair of interlocking pulleys 826.
[0082] Hence, the driving force of the up-down moving
motor 818 is transmitted to the ball screw 816 that is
closest to the up-down moving motor 818 via the drive
side pulley 822 and the drive belt 828. The ball screw
816 to which the driving force is transmitted rotates in a
predetermined direction. Resulting rotational force is
transmitted to the other ball screw 816 via the pair of
interlocking pulleys 826 and the interlocking belt 830. As
a result, the pair of ball screws 816 receive the driving
force of the up-down moving motor 818 so as to rotate
in identical directions and at identical speeds. Accord-
ingly, the pair of nuts 817 move up and down at identical

speeds, whereby the frame 812 moves up and down
while remaining horizontal. When the frame 812 moves
up and down, the support 802 and the support rotation
mechanism 804 also move up and down.

[Control device 900]

[0083] The control device 900 controls the respective
parts of the processing apparatus 1. The control device
900 is mainly constituted by a ROM, a CPU, a RAM, and
an input/output interface. The ROM stores an operating
system, control programs for controlling the respective
parts of the processing apparatus 1, and data required
to execute the control program. Further, the CPU is pro-
vided to load the control programs stored in the ROM to
the RAM or execute the control programs directly from
the ROM. In other words, the CPU can control the
processing apparatus 1 by executing the control pro-
grams. Data processed by the CPU are transmitted to
respective parts (the reception transportation device 200,
the retaining devices 300A, 300B, and so on) of the
processing apparatus 1 via the input/output interface,
while data required by the CPU to execute the processing
are received from respective parts (the imaging device
500 and so on) of the processing apparatus 1 via the
input/output interface.
[0084] As shown in the function block diagram of Fig.
10, the control device 900 mainly includes a reception
transportation device control unit 902, a retaining device
control unit 904, a carrying device control unit 906, an
imaging device control unit 908, a clamping device con-
trol unit 910, a transportation device control unit 912, a
type recognition unit 914, a length detection unit 915, a
hanging length detection unit 916, a first point detection
unit 920, a first end point detection unit 922, a second
end point detection unit 924, a third end point detection
unit 926, a fourth end point detection unit 928, a fifth end
point detection unit 930, a sixth end point detection unit
932, a seventh end point detection unit 934, and an eighth
end point detection unit 936.

[Reception transportation device control unit 902]

[0085] The reception transportation device control unit
902 controls operations of the reception transportation
device 200. In other words, the reception transportation
device control unit 902 controls operations of the door
202 and the transportation conveyor 204.
[0086] When the reception transportation device con-
trol unit 902 controls the operation of the door 202, the
door main body 210 opens and closes. As a result, the
user can insert the processing subject T into the process-
ing apparatus 1 or remove the processed processing
subject T from the processing apparatus 1. Further, by
having the reception transportation device control unit
902 control the operation of the transportation conveyor
204, the transportation conveyor 204 can be rotated in
either the forward direction or the reverse direction.
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[Retaining device control unit 904]

[0087] The retaining device control unit 904 controls
operations of the retaining mechanisms 310A, 310B and
moving mechanisms 320A, 320B of the retaining devices
300A, 300B.
[0088] When the retaining device control unit 904 con-
trols the operations of the linear actuators 324A, 324B
of the retaining mechanisms 310A, 310B, the respective
pairs of finger members 322A, 322B approach or move
away from each other, whereby the processing subject
T is gripped or released by the gripping members 328A,
328B attached to the respective finger members 322A,
322B.
[0089] Further, when the retaining device control unit
904 controls the operations of the rotary actuators 326A,
326B of the retaining mechanisms 310A, 310B, the linear
actuators 324A, 324B rotate about the respective rotary
axes of the rotary actuators 326A, 326B via the connect-
ing plates 330A, 330B.
[0090] Furthermore, when the retaining device control
unit 904 controls the operations of the width direction
moving mechanisms 332A, 332B of the moving mecha-
nisms 320A, 320B, the retaining mechanisms 310A,
310B move in the width direction (the direction of the
arrow X).
[0091] Moreover, when the retaining device control
unit 904 controls the operations of the up-down direction
moving mechanisms 334A, 334B of the moving mecha-
nisms 320A, 320B, the retaining mechanisms 310A,
310B move in the up-down direction (the direction of the
arrow Z).
[0092] Furthermore, when the retaining device control
unit 904 controls the operations of the front-rear direction
moving mechanisms 336A, 336B of the moving mecha-
nisms 320A, 320B, the retaining mechanisms 310A,
310B move in the front-rear direction (the direction of the
arrow Y).

[Carrying device control unit 906]

[0093] The carrying device control unit 906 controls
operations of the rotation mechanism 406 and the front-
rear direction moving mechanism 408 of the carrying de-
vice 400.
[0094] When the carrying device control unit 906 con-
trols the operation of the rotation mechanism 406, the
carrying plate 402 rotates while maintaining a predeter-
mined angle.
[0095] When the carrying device control unit 906 con-
trols the operation of the front-rear direction moving
mechanism 408, the carrying plate 402 moves in the
front-rear direction (the direction of the arrow Y).

[Imaging device control unit 908]

[0096] The imaging device control unit 908 controls op-
erations of the first imaging unit 502 and the second im-

aging unit 504 of the imaging device 500. By controlling
the first imaging unit 502 and the second imaging unit
504, digital images can be obtained at desired timings.

[Clamping device control unit 910]

[0097] The clamping device control unit 910 controls
an operation of the clamping plate rotation motor 714 of
the clamping device 700. When the clamping device con-
trol unit 910 causes the clamping plate rotation motor
714 to rotate normally, the upper side clamping plate 702
and the lower side clamping plate 704 rotate in an ap-
proaching direction (in other words, a closing direction
of the clamping device 700). When the clamping plate
rotation motor 714 is rotated in reverse, on the other
hand, the upper side clamping plate 702 and the lower
side clamping plate 704 rotate in a separating direction
(in other words, an opening direction of the clamping de-
vice 700). As a result, the open/closed condition of the
clamping device 700 can be controlled.

[Transportation device control unit 912]

[0098] The transportation device control unit 912 con-
trols operations of the support rotation mechanism 804
and the support up-down moving mechanism 806 of the
transportation device 800.
[0099] When the transportation device control unit 912
controls the support rotation mechanism 804 of the trans-
portation device 800, a rotation angle of the support 802
is varied or maintained at a predetermined angle.
[0100] When the transportation device control unit 912
controls the support up-down moving mechanism 806 of
the transportation device 800, the support 802 moves in
the up-down direction (the direction of the arrow Z).

[Type recognition unit 914]

[0101] The type recognition unit 914 recognizes the
type of the processing subject T on the basis of image
data obtained by the first imaging unit 502 and the second
imaging unit 504 of the imaging device 500. To describe
this type recognition operation, the type recognition unit
914 performs learning in advance using a randomized
forest recognition device on the basis of feature amounts
extracted from image data (learning image data) relating
to many different types of processing subjects T, such
as a T-shirt, a running shirt, a skirt, a towel, a handker-
chief, a film, a piece of paper, or a sheet. A randomized
forest is a mechanical learning algorithm used to perform
recognition and the like by constructing a forest from a
plurality of decision trees. Further, the term "feature
amount" as used herein is not limited to the outer shape
of the processing subject T (for example, the presence
or absence of a "collar portion"), and includes all ele-
ments of the outer appearance of the processing subject
T. For example, when the processing subject T is a T-
shirt, a character design printed on the T-shirt also serves
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as an element used to calculate the "feature amount".
Note that the learning image data may be added by the
user via a tablet PC having a camera function, a digital
camera having a data transmission function, or the like.
[0102] A method employing a "pixel value", a method
employing an "HOG (Histogram Oriented Gradients) fea-
ture amount", or a method employing an existing tech-
nique used to recognize a human face, such as a "Haar-
like feature amount", may be used as a method of cal-
culating the feature amount from the learning image data.
[0103] Using the method described above, the type
recognition unit 914 calculates the feature amounts of
the processing subject T currently being processed,
which appears on the image data obtained by the first
imaging unit 502 and the second imaging unit 504. The
type recognition unit 914 then uses a randomized forest
recognition device to calculate probabilities by which the
processing subject T corresponds to each of certain
types (a T-shirt, a running shirt, a skirt, a towel, and so
on, for example) as percentages for each calculated fea-
ture amount, and then recognizes the highest probability
(i.e. the highest percentage) as the type of the processing
subject T.
[0104] Further, a folding method is determined in the
type recognition unit 914 in advance for each type of
processing subject T, and the folding method for each
type is stored as "folding information". The "folding infor-
mation" includes information indicating positions in which
to make folds when folding a processing subject T of a
certain type. For example, when the processing subject
T is a T-shirt and the T-shirt is to be folded in two in a
length direction and in three in a width direction, the "fold-
ing information" for the T-shirt includes "position informa-
tion indicating a lateral fold line B1" required to fold the
T-shirt in two in the length direction, and "position infor-
mation indicating a first fold line B2" and "position infor-
mation indicating a second fold line B3", required to fold
the T-shirt in three in the width direction, as shown in Fig.
11. Note that the "lateral fold line B1" does not have to
be specific "position information", and may be deter-
mined as a proportion of the overall length of the T-shirt,
for example "a halfway position of the overall length".
Furthermore, an end side of the T-shirt further toward the
end than the first fold line B2 will be referred to as a first
end part D1, an end side of the T-shirt further toward the
opposite end than the second fold line B3 will be referred
to as a second end part D3, and a central portion sand-
wiched between the first end part D1 and the second end
part D3 will be referred to as a central part D2.

[Length detection unit 915]

[0105] The length detection unit 915 obtains a vertical
direction length and a horizontal direction length of the
processing subject T (when the processing subject T is
a T-shirt, the vertical direction length and the horizontal
direction length correspond respectively to a length di-
mension and a width dimension of the T-shirt) on the

basis of the image data obtained by the first imaging unit
502 and the second imaging unit 504 of the imaging de-
vice 500.

[Hanging length detection unit 916]

[0106] The hanging length detection unit 916 detects
a lower end of the processing subject T hanging from an
edge line (a first edge line) of the carrying plate 402 on
the basis of the image data obtained by the first imaging
unit 502 and the second imaging unit 504 of the imaging
device 500, thereby obtaining a hanging length from the
first edge line to the lower end.

[First point detection unit 920]

[0107] The first point detection unit 920 detects the first
point P, which denotes the highest position of the
processing subject T carried on the upper surface of the
transportation conveyor 204 of the reception transporta-
tion device 200. More specifically, on the basis of the
image data from the first imaging unit 502 and the second
imaging unit 504, the first point detection unit 920 detects
a part of the processing subject T located at least a pre-
determined height from the upper surface of the trans-
portation conveyor 204 either directly above or in the vi-
cinity of the barrier member 222 of the reception trans-
portation device 200 (when a plurality of parts are located
at least the predetermined height from the upper surface
of the transportation conveyor 204, the highest part, for
example, is detected) as the first point P (see Fig. 17(f)).

[First end point detection unit 922]

[0108] The first end point detection unit 922 detects a
first end point P1 located furthest away from the first point
P when the retaining mechanism 310A retains the
processing subject T by the first point P. More specifically,
on the basis of the image data from the first imaging unit
502 and the second imaging unit 504, the first end point
detection unit 922 detects a lowermost point (the point
in the lowest position) of the processing subject T when
the retaining mechanism 310A retains and lifts up the
processing subject T by the first point P, and sets this
lowermost point as the first end point P1 (see Fig. 18(h)).

[Second end point detection unit 924]

[0109] The second end point detection unit 924 detects
a second end point P2 located furthest away from a
straight line L1 linking the first point P to the first end point
P1. More specifically, on the basis of the image data from
the first imaging unit 502 and the second imaging unit
504, the second end point detection unit 924 detects the
lowermost point of the processing subject T when the
retaining mechanisms 310A, 310B retain the processing
subject T at equal heights by the first point P and the first
end point P1, respectively, and sets this lowermost point
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as the second end point P2 (see Fig. 18(i)).

[Third end point detection unit 926]

[0110] The third end point detection unit 926 detects a
corner portion of the processing subject T as a third end
point P3. More specifically, on the basis of the image
data from the first imaging unit 502 and the second im-
aging unit 504, the third end point detection unit 926 de-
tects a lower corner portion of the processing subject T
hanging down from the carrying plate 402, and sets this
corner portion as the third end point P3 (see Fig. 19(l)).

[Fourth end point detection unit 928]

[0111] The fourth end point detection unit 928 detects
an opposite corner portion of the processing subject T to
the third end point P3 as a fourth end point P4. More
specifically, on the basis of the image data from the first
imaging unit 502 and the second imaging unit 504, the
fourth end point detection unit 928 detects the corner
portion opposite the corner portion of the processing sub-
ject T set as the third end point P3, and sets this corner
portion as the fourth end point P4 (see Fig. 19(l)).

[Fifth end point detection unit 930]

[0112] The fifth end point detection unit 930 detects
one end of the lateral fold line B1 used when the process-
ing subject T is folded in two in an orthogonal direction
to the lengthwise direction thereof (i.e. in a lateral direc-
tion) as a fifth end point P5. More specifically, on the
basis of the image data from the first imaging unit 502
and the second imaging unit 504, the fifth end point de-
tection unit 930 detects an upper corner portion of the
processing subject T in a condition where the carrying
plate 402 is set at a predetermined angle from a horizon-
tal condition and the processing subject T hangs down
over the carrying plate 402 such that the lateral fold line
B1 of the processing subject T extends along an upper
side edge line (a first edge line C1) of the carrying plate
402, and sets this corner portion as the fifth end point P5
(see Fig. 21(p)).

[Sixth end point detection unit 932]

[0113] The sixth end point detection unit 932 detects
the other end of the lateral fold line B1 used when the
processing subject T is folded in two in an orthogonal
direction to the lengthwise direction thereof (i.e. in the
lateral direction) as a sixth end point P6. More specifical-
ly, when the fifth end point P5 is detected by the fifth end
point detection unit 930, the sixth end point detection unit
932 detects a corner portion opposite the corner portion
of the processing subject T set as the fifth end point P5
on the basis of the image data from the first imaging unit
502 and the second imaging unit 504, and sets this corner
portion as the sixth end point P6 (see Fig. 21 (p)).

[Seventh end point detection unit 934]

[0114] The seventh end point detection unit 934 de-
tects one end of the first fold line B2 used when the
processing subject T is folded in the lengthwise direction
(the vertical direction) thereof as a seventh end point P7.
More specifically, on the basis of the image data from
the first imaging unit 502 and the second imaging unit
504, the seventh end point detection unit 934 detects an
upper corner portion of the processing subject T in a con-
dition where the carrying plate 402 is set at a predeter-
mined angle from a horizontal condition and the process-
ing subject T hangs down over the carrying plate 402
such that the first fold line B2 of the processing subject
T extends along the upper side edge line (the first edge
line C1) of the carrying plate 402, and sets this corner
portion as the seventh end point P7 (see Fig. 22(s)).

[Eighth end point detection unit 936]

[0115] The eighth end point detection unit 936 detects
the other end of the first fold line B2 used when the
processing subject T is folded in the lengthwise direction
(the vertical direction) thereof as an eighth end point P8.
More specifically, when the seventh end point P7 is de-
tected by the seventh end point detection unit 934, the
eighth end point detection unit 936 detects a corner por-
tion opposite the corner portion of the processing subject
T set as the seventh end point P7 on the basis of the
image data from the first imaging unit 502 and the second
imaging unit 504, and sets this corner portion as the
eighth end point P8 (see Fig. 22(s)).

[Control executed by reception transportation device 
control unit 902]

[0116] The reception transportation device control unit
902 controls the operations of the door 202 and the trans-
portation conveyor 204 to perform first control to fifth con-
trol, described below, in order to receive the processing
subject T in the processing apparatus 1 in a crumpled
condition and arrange the processing subject T so that
the retaining device 300A can lift up the processing sub-
ject T more easily.
[0117] The reception transportation device control unit
902 controls the door opening/closing motor 216 to open
the door main body 210 (first control).
[0118] Further, following the first control, the reception
transportation device control unit 902 controls the con-
veyor drive motor 244 to rotate the transportation con-
veyor 204 in the forward direction (second control).
[0119] After the user inserts the crumpled processing
subject T into the processing apparatus 1, the reception
transportation device control unit 902 controls the door
opening/closing motor 216 to close the door main body
210 (third control). Note that the front-rear direction mov-
ing mechanism 408 of the carrying device 400 is posi-
tioned in advance so that the processing subject sensor
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409 is positioned in the position of the barrier member
222 when the door main body 210 is closed.
[0120] Further, following the third control, the reception
transportation device control unit 902 controls the con-
veyor drive motor 244 to rotate the transportation con-
veyor 204 in the reverse direction (fourth control).
[0121] Further, when the reception transportation de-
vice control unit 902 determines that the processing sub-
ject T has been lifted onto the barrier member 222 fol-
lowing the fourth control, or in other words when the con-
trol device 900 receives the obstruction detection signal
from the processing subject sensor 409, the reception
transportation device control unit 902 controls the con-
veyor drive motor 244 to stop the transportation conveyor
204 (fifth control).

[Control executed cooperatively by retaining device con-
trol unit 904 and carrying device control unit 906]

[0122] The retaining device control unit 904 and the
carrying device control unit 906 execute sixth control to
twenty-first control, described below, in order to lift up
the processing subject T from the transportation convey-
or 204, recognize the processing subject T, and then fold
the processing subject T.
[0123] After the retaining mechanism 310A retains the
processing subject T on the transportation conveyor 204
by the first point P, the retaining device control unit 904
controls the retaining device 300A to lift up the processing
subject T (sixth control).
[0124] Following the sixth control, the retaining device
control unit 904 controls the retaining device 300B such
that the retaining mechanism 310B retains the first end
point of the processing subject T (seventh control).
[0125] Following the seventh control, the retaining de-
vice control unit 904 controls the retaining device 300B
such that the retaining mechanism 310A moves horizon-
tally in a rightward direction (the direction of the arrow
X1) while retaining the first point P, and the retaining
mechanism 310B lifts up the first end point P1 to the
same height as the first point P (eighth control).
[0126] Following the eighth control, the retaining de-
vice control unit 904 controls the retaining device 300B
such that the retaining mechanism 310B releases the
first end point P1 and then retains the second end point
P2 (ninth control).
[0127] Following the ninth control, the retaining device
control unit 904 and the carrying device control unit 906
control the retaining device 300B and the carrying device
400 such that the retaining mechanism 310B lifts up the
second end point P2 to the same height as the first point
P, and the carrying plate 402 rotates in the forward di-
rection (tenth control).
[0128] Following the tenth control, the retaining device
control unit 904 controls the retaining devices 300A,
300B to cause the retaining mechanism 310A and the
retaining mechanism 310B to hang the processing sub-
ject T over the carrying plate 402 such that the lateral

fold line B1 of the processing subject T is aligned with
the upper side edge line (the first edge line C1) of the
carrying plate 402, whereupon the retaining mechanism
310A releases the first point P and the retaining mecha-
nism 310B releases the second end point P2 (eleventh
control).
[0129] Following the eleventh control, the retaining de-
vice control unit 904 controls the retaining device 300A
such that the retaining mechanism 310A retains the third
end point P3 (twelfth control).
[0130] Following the twelfth control, the retaining de-
vice control unit 904 controls the retaining device 300A
such that the retaining mechanism 310A moves the third
end point P3 directly above the fourth end point P4 (thir-
teenth control).
[0131] Following the thirteenth control, the retaining
device control unit 904 controls the retaining device 300B
such that the retaining mechanism 310B retains the
fourth end point P4 (fourteenth control).
[0132] Following the fourteenth control, the retaining
device control unit 904 and the carrying device control
unit 906 control the retaining device 300B and the carry-
ing device 400 such that the retaining mechanism 310B
lifts up the fourth end point P4 to an equal height to the
third end point P3 on the right side (the direction of the
arrow X1) of the third end point, whereupon the carrying
plate 402 rotates in the forward direction (the rotary shaft
412 rotates counterclockwise when seen from the left
side surface 102D) such that the front and back of the
processing subject T are reversed, and then the process-
ing subject T is hung over the carrying plate 402 with the
lateral fold line B1 of the processing subject T in align-
ment with the upper side edge line (the first edge line C1)
of the carrying plate 402 (fifteenth control).
[0133] Following the fifteenth control, the retaining de-
vice control unit 904 and the carrying device control unit
906 control the retaining devices 300A, 300B and the
carrying device 400 such that the carrying plate 402 is
held in a vertical condition, the retaining mechanism
310A retains the fifth end point, and the retaining mech-
anism 310B retains the sixth end point (sixteenth control).
[0134] Following the sixteenth control, the retaining de-
vice control unit 904 and the carrying device control unit
906 control the retaining devices 300A, 300B and the
carrying device 400 such that the processing subject T
is lifted above the carrying plate 402 while the respective
retaining mechanisms 310A, 310B retain the fifth end
point P5 and the sixth end point P6, whereupon the car-
rying plate 402 is held in a horizontal condition. The re-
taining mechanism 310A and the retaining mechanism
310B then line up the fifth end point P5 and the sixth end
point P6 in the front-rear direction on the outer sides of
the carrying plate 402, whereupon the retaining mecha-
nism 310A and the retaining mechanism 310B place the
lower end portion of the processing subject T on the upper
surface of the carrying plate 402 (seventeenth control).
[0135] Following the seventeenth control, the retaining
device control unit 904 [controls the retaining devices
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300A, 300B such that] the retaining mechanism 310A
and the retaining mechanism 310B respectively release
the fifth end point P5 and the sixth end point P6 (eight-
eenth control).
[0136] Following the eighteenth control, the carrying
device control unit 906 controls the carrying device 400
such that the carrying plate 402 rotates in the reverse
direction (the rotary shaft 412 rotates clockwise when
seen from the left side surface 102D) to a vertical orien-
tation (nineteenth control).
[0137] Following the nineteenth control, the retaining
device control unit 904 and the carrying device control
unit 906 control the retaining devices 300A, 300B and
the carrying device 400 such that the retaining mecha-
nism 310A and the retaining mechanism 310B retain and
lift up the processing subject T by the seventh end point
P7 and the eighth end point P8, respectively, whereupon
the carrying plate 402 is set in the horizontal condition
(twentieth control).
[0138] Following the twentieth control, the retaining de-
vice control unit 904 controls the retaining devices 300A,
300B such that the respective retaining mechanisms
310A, 310B place the processing subject T on the hori-
zontal carrying plate 402 while retaining the seventh end
point P7 and the eighth end point P8 (twenty-first control).

[Control executed cooperatively by carrying device con-
trol unit 906 and clamping device control unit 910]

[0139] The carrying device control unit 906 and the
clamping device control unit 910 execute twenty-second
to twenty-third control, described below, in order to fold
the processing subject T and retain the folded processing
subject T in a folded condition.
[0140] Following the twenty-first control, the carrying
device control unit 906 and the clamping device control
unit 910 control the carrying device 400 and the clamping
device 700 such that the carrying plate 402 carrying the
processing subject T approaches the clamping device
700 and the approaching processing subject T is
clamped between the upper side clamping plate 702 and
the lower side clamping plate 704 together with the car-
rying plate 402 (twenty-second control).
[0141] Following the twenty-second control, the carry-
ing device control unit 906 controls the carrying device
400 such that the carrying plate 402 moves away from
the clamping device 700 (twenty-third control).

[Control executed cooperatively by clamping device con-
trol unit 910 and transportation device control unit 912]

[0142] The clamping device control unit 910 and the
transportation device control unit 912 execute twenty-
fourth to twenty-sixth control, described below, in order
to store the folded processing subject T in the processing
subject reception member 220 while preventing the
processing subject T from losing its shape.
[0143] Following the twenty-third control, the clamping

device control unit 910 and the transportation device con-
trol unit 912 control the transportation device 800 and
the clamping device 700 to rotate the support shaft 810
until the support 802 is elevated to an upper limit and the
support members 808 are horizontal, and then to release
the processing subject T (twenty-fourth control).
[0144] Following the twenty-fourth control, the trans-
portation device control unit 912 controls the transporta-
tion device 800 to lower the support 802 while keeping
the support members 808 horizontal (twenty-fifth con-
trol).
[0145] Following the twenty-fifth control, the clamping
device control unit 910 and the transportation device con-
trol unit 912 control the transportation device 800 to stop
lowering the support 802 and then to rotate the support
members 808 to a vertically downward orientation (twen-
ty-sixth control).

[T-shirt processing operation performed by processing 
apparatus 1]

[0146] Next, referring to flowcharts shown in Figs. 12
to 15 and also to Figs. 16 to 24, a processing operation
performed by the processing apparatus 1 on a T-shirt T
serving as an example of the processing subject T will
be described.

[Reception transportation process (Fig. 12)]

[0147] First, as shown in Fig. 16(a), when the process-
ing operation performed on the T-shirt T by the process-
ing apparatus 1 starts, the door main body 210 is opened
(the first control, step S1). Next, as shown in Fig. 16(b),
the transportation conveyor 204 is rotated in the forward
direction (a direction in which the T-shirt T moves away
from the door main body 210) (the second control, step
S2). In this condition, the crumpled T-shirt T, which has
been washed and dried, is inserted into the processing
apparatus 1. Note that when the door main body 210 is
open, as shown in Fig. 25, the door main body 210 rotates
about the door shaft 212. Further, the processing subject
reception member 220 and barrier member 222 attached
to the door main body 210 likewise rotate about the door
shaft 212. In other words, the processing subject recep-
tion member 220 and the barrier member 222 are sepa-
rated from the upper surface of the transportation con-
veyor 204.
[0148] Next, the inserted T-shirt T is transported by the
transportation conveyor 204 rotating in the forward direc-
tion (the direction in which the T-shirt T moves away from
the door main body 210), and once the T-shirt T has been
transported to the far side (the side to which the T-shirt
T moves away from the door main body 210) of the po-
sition in which the barrier member 222 is disposed when
the door main body 210 is closed, as shown in Fig. 16(c),
the door main body 210 is closed (the third control, step
S3). Note that the processing subject sensor 409 at-
tached to the moving plate 416R of the front-rear direction
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moving mechanism 408 provided in the transportation
device 400 is used to confirm that the T-shirt T has been
transported to the far side of the position of the barrier
member 222. Further, the processing subject sensor 409
is attached to the moving plate 416R so as to be capable
of moving in the front-rear direction, and therefore, by
adjusting a front-rear position of the processing subject
sensor 409, the processing subject sensor 409 can es-
timate a volume of the processing subject T. Alternative-
ly, it may be determined that the T-shirt has been trans-
ported to the far side when the transportation conveyor
204 has been rotated in the forward direction continu-
ously for a predetermined time (timer control). When the
door main body 210 is closed, the barrier member 222
is disposed directly above (in the vicinity of the surface
of) the transportation conveyor 204.
[0149] Next, as shown in Fig. 17(d), the transportation
conveyor 204 is rotated in the reverse direction (a direc-
tion in which the T-shirt T approaches the door main body
210) (the fourth control, step S4). Accordingly, the T-shirt
T moves toward the concave surface of the barrier mem-
ber 222. As a result, the T-shirt T moved by the trans-
portation conveyor 204 is lifted onto the barrier member
222 (for example, the processing subject sensor 409 or
the imaging device 500, which are oriented toward the
upper side of the barrier member 222, can be used to
determine that the T-shirt T has been lifted onto the bar-
rier member 222). When the T-shirt T is lifted onto the
barrier member 222, the first point detection unit 920 de-
tects the part of the T-shirt T directly above the barrier
member 222 as the first point P (first point detection proc-
ess, step S5). When the first point P is detected, as shown
in Fig. 17(e), the transportation conveyor 204 is stopped
(the fifth control, step S6). Note that the transportation
conveyor 204 may be stopped as soon as the T-shirt T
is determined to have crossed a top portion of the barrier
member 222. In so doing, the T-shirt T can be set in a
condition extending upward at an incline from the top
portion of the barrier member 222 more easily, and as a
result, the first point P can be retained by the retaining
mechanisms 310A, 310B more easily than after the T-
shirt T has passed over the barrier member entirely.
[0150] Next, as shown in Fig. 17(f), the retaining mech-
anism 310A retains the detected first point P. More spe-
cifically, the pair of finger members 322A approach each
other in response to an operation of the linear actuator
324 provided in the retaining mechanism 310A (at this
time, the rotary actuator 326A holds the finger members
322A in a substantially horizontal orientation). When the
pair of finger members 322A approach each other, the
gripping members 328A attached to the respective tip
end portions of the two finger members 322A approach
each other so as to retain (grip) the first point P of the T-
shirt T. After retaining the first point P, the retaining mech-
anism 310A lifts up the T-shirt T until the first point P
reaches a higher position than the carrying plate 402,
which is slightly tilted from the horizontal condition,
whereby a condition shown in Fig. 18(g) is obtained (the

sixth control, step S7). The reason why the carrying plate
402 is slightly tilted from the horizontal condition is to
prevent the T-shirt T from sliding off. The incline of the
carrying plate 402 is preferably set between 0 and 80
degrees relative to the vertical direction, for example, and
more preferably between 30 and 80 degrees relative to
the vertical direction so that the retaining mechanisms
(310A, 310B) and the carrying plate 402 do not interfere
with each other when the lowermost point of the T-shirt
T is retained. At a point during the process for lifting up
the T-shirt T, the rotary actuator 326A orients the finger
members 322A vertically downward. Note that when a
plurality of processing subjects T are inserted into the
processing apparatus 1 simultaneously, one of the
processing subjects T is lifted up, whereupon the trans-
portation conveyor 204 is rotated in the forward direction
again in order to transport the remaining processing sub-
ject T in the forward direction. When folding of the lifted
processing subject T is complete, the routine returns to
step S4 in order to lift up the next processing subject T
to be folded, whereby the transportation conveyor 204 is
rotated in the reverse direction and the processing sub-
ject T is moved toward the concave surface of the barrier
member 222.

[Recognition process (Fig. 13)]

[0151] Next, the recognition process will be described.
At this stage, the control device 900 has not yet recog-
nized the processing subject as a T-shirt. In a type rec-
ognition process (Fig. 13, step S14-2) to be described
below, the type recognition unit 914 recognizes the type
of the processing subject on the basis of the feature
amounts that can be determined from the outer appear-
ance of the T-shirt T (whereby the T-shirt T is recognized
as a "T-shirt", and not as "slacks", a "towel", or a "skirt",
for example). To enable the imaging device 500 to pho-
tograph distinguishing sites of the T-shirt T during the
type recognition process, and also to facilitate the sub-
sequent folding process, it is necessary to unfurl (deploy)
the lifted T-shirt T (Fig. 19(g)). In this embodiment, the
processing subject is recognized as the T-shirt T only
when the processing subject is unfurled while the ends
of respective sleeve openings of the T-shirt T are retained
by the retaining mechanisms 310A, 310B, as shown in
Fig. 19(j). This unfurling operation will now be described
using Figs. 18(h) to 19(j).
[0152] First, as shown in Fig. 18(h), the imaging device
500 obtains image data showing the T-shirt T lifted up
by the first point P, and transmits the image data to the
control device 900. The first end point detection unit 922
detects the first end point P1 on the basis of the image
data transmitted to the control device 900 (first end point
detection process, step S8). More specifically, the first
end point detection unit 922 detects the lowermost point
(the point in the lowest position) of the T-shirt T lifted up
by the first point P, and sets the lowermost point as the
first end point P1. Here, when the T-shirt T is long, the

33 34 



EP 3 162 953 A1

19

5

10

15

20

25

30

35

40

45

50

55

position of the lowermost point may be so low that the
lowermost point is not included in the image data. There-
fore, when the first end point detection unit 922 deter-
mines that the lowermost point does not appear in the
image data, the retaining device control unit 904 moves
the retaining mechanism 310A retaining the first point P
horizontally in the direction approaching the door 202
(the direction of the arrow Y2). When the retaining mech-
anism 310A is moved in this manner, the length by which
the T-shirt T hangs from the carrying plate 402 is reduced.
As a result, the lowermost point of the T-shirt T can be
included in the image data even when the T-shirt T is long.
[0153] Next, the retaining mechanism 310B retains the
detected first end point P1 (the seventh control, step S9).
At this time, the rotary actuator B holds the finger mem-
bers 322B of the retaining mechanism 310B vertically
upward. Next, the retaining mechanism 310A moves hor-
izontally in the rightward direction (the direction of the
arrow X1) while retaining the first point P, and the retain-
ing mechanism 310B lowers the first end point P1 to the
same height as the first point P (the eighth control, step
S10). At a point during the process by which the retaining
mechanism 310B lifts up the first end point P1, the rotary
actuator 326B orients the finger members 322B vertically
downward.
[0154] Next, as shown in Fig. 18(i), the imaging device
500 obtains image data showing the T-shirt T with the
first end point P1 and the first point P lifted up to the same
height, and transmits the image data to the control device
900. The second end point detection unit 924 detects the
second end point P2 on the basis of the image data trans-
mitted to the control device 900 (second end point de-
tection process, step S11). More specifically, the second
end point detection unit 924 sets the lowermost point of
the processing subject T in a condition where the first
point P and the first end point P1 are retained at equal
heights by the respective retaining mechanisms 310A,
310B as the second end point P2. In other words, the
point furthest away from the straight line L1 linking the
first point P to the first end point P1 is detected as the
second end point P2. Here, when the T-shirt T is wide,
the position of the lowermost point may be so low that
the lowermost point is not included in the image data.
Therefore, when the second end point detection unit 924
determines that the lowermost point does not appear in
the image data, the retaining device control unit 904
moves the retaining mechanism 310A retaining the first
point P and the retaining mechanism 310B retaining the
first end point P1 horizontally in the direction approaching
the door 202 (the direction of the arrow Y2). When the
two retaining mechanisms 310A, 310B are moved in this
manner, the length by which the T-shirt T hangs from the
carrying plate 402 is reduced. As a result, the lowermost
point of the T-shirt T can be included in the image data
even when the T-shirt T is wide. Once the second end
point P2 has been detected by the second end point de-
tection unit 924, the retaining mechanism 310B retaining
the first end point P1 releases the first end point P1 and

then retains the second end point P2 (the ninth control,
step S12). Note that at this time, the rotary actuator B
holds the finger members 322B of the retaining mecha-
nism 310B vertically upward.
[0155] Next, as shown in Fig. 19(j), the retaining mech-
anism 310B retaining the second end point P2 lifts up
the second end point P2 to the same height as the first
point P. At a point during the process by which the re-
taining mechanism 310B lifts up the first end point P1,
the rotary actuator 326B orients the finger members 322B
vertically downward. Further, the carrying plate 402 is
rotated in the forward direction (the tenth control, step
S13). As a result, the T-shirt T hangs down on the far
side of the carrying plate 402 (in the direction of the arrow
Y1) so that the length of the T-shirt T extends in the ver-
tical direction. In other words, the retaining mechanism
310A and the retaining mechanism 310B respectively
retain the sleeves of the T-shirt T.
[0156] Next, in this condition, the length detection unit
915 measures a longitudinal direction length (the length)
and a lateral direction length (the width) of the T-shirt T
on the basis of the image data obtained from the imaging
device 500, and stores the measurement results tempo-
rarily in the RAM or the like of the control device 900
(length measuring process, step S14-1).
[0157] Next, the type recognition unit 914 recognizes
the type of the T-shirt T on the basis of the image data
obtained from the imaging device 500 (type recognition
process, step S14-2). More specifically, the feature
amounts of the T-shirt T are calculated from the image
data. The feature amounts include all elements that can
be grasped from the outer appearance of the T-shirt T,
such as the shape and overall length of the T-shirt T, and
patterns, colors, and the like on the surface thereof. After
calculating the feature amounts of the T-shirt T, the type
recognition unit 914 recognizes the type of the process-
ing subject T using a randomized forest recognition de-
vice created in advance for each feature amount. When
the type recognition process is complete, the type rec-
ognition unit 914 obtains the "folding information" corre-
sponding to the type (in this embodiment, a T-shirt). The
"folding information" for the T-shirt T includes the "posi-
tion information indicating the horizontal fold line B1 ",
which is required to fold the T-shirt T in two in the length
direction, and the "position information indicating the first
fold line B2" and the "position information indicating the
second fold line B3", which are required to fold the T-shirt
T in three in the width direction.
[0158] Note that in the case described in this embod-
iment, the first point P is located on the sleeve portion of
the T-shirt T, and therefore the T-shirt T is unfurled to a
condition in which the retaining mechanisms 310A, 310B
retain the respective ends of the sleeve openings of the
T-shirt T in a minimum amount of time. However, the first
point P may be any part of the T-shirt T. Depending on
the initial position of the first point P and the condition in
which the T-shirt T is carried, the respective ends of the
sleeve openings of the T-shirt T may not be retained by
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the retaining mechanisms 310A, 310B at the stage where
the second end point is retained. According to this em-
bodiment, the type recognition unit 914 cannot recognize
the T-shirt T as a "T-shirt" in such a case (a case where
the respective ends of the sleeve openings of the T-shirt
T are not retained by the retaining mechanisms 310A,
310B). Therefore, the processing apparatus 1 switches
the lowermost point of the T-shirt T using the retaining
mechanisms 310A, 310B several more times until the
respective ends of the sleeve openings of the T-shirt T
are retained by the retaining mechanisms 310A, 310B
(until the type recognition unit 914 recognizes the T-shirt
T as a "T-shirt").

[Folding process (Fig. 14)]

[0159] Next, as shown in Fig. 19(k), the retaining mech-
anism 310A retaining the first point P and the retaining
mechanism 310B retaining the second end point P2 are
moved horizontally in the door direction (the direction of
the arrow Y2). The retaining mechanism 310A then re-
leases the first point P. Further, the retaining mechanism
310B releases the second end point P2 (the eleventh
control, hanging length detection process, step S15).
More specifically, the previously obtained information re-
lating to the T-shirt T includes the position of the lateral
fold line B1 of the T-shirt T. In the case of the T-shirt T,
the lateral fold line B1 is set in a position exactly halfway
along the length direction. In the eleventh control, the two
retaining mechanisms 310A, 310B are moved horizon-
tally in the door direction (the direction of the arrow Y2)
until the lateral fold line B1 is aligned with the upper side
edge line (the first edge line C1) of the carrying plate 402,
which is set at an angle from the horizontal condition. As
a result, a lower edge side (a lower portion) of the T-shirt
T is oriented toward the side of the first imaging unit 502
attached to the inner surface of the back surface 106B
of the processing apparatus 1. The hanging length de-
tection unit 916 of the control device 900 determines
whether or not the lateral fold line B1 is aligned with the
first edge line C1. More specifically, having received the
image data captured continuously by the first imaging
unit 502 of the imaging device 500, the hanging length
detection unit 916 successively checks the hanging
length from the first edge line C1 of the carrying plate
402 to the lower end (the lower edge) of the T-shirt T. As
described above, the lateral fold line B1 of the T-shirt T
is set in a position exactly halfway along the length of the
T-shirt T, and therefore the retaining device control unit
904 stops the horizontal movement of the retaining mech-
anisms 310A, 310B upon reception of a signal from the
hanging length detection unit 916 indicating that the
hanging length has reached a length corresponding to
half the length of the T-shirt T.
[0160] Next, as shown in Fig. 19(l), the imaging device
500 obtains image data showing the T-shirt T hanging
down from the carrying plate 402, and transmits the im-
age data to the control device 900. The third end point

detection unit 926 then detects the third end point P3 on
the basis of the image data transmitted to the control
device 900 (third end point detection process, step S16).
Further, the fourth end point detection unit 928 detects
the fourth end point P4 on the basis of the same image
data transmitted to the control device 900 (fourth end
point detection process, step S17). Note that the fourth
end point detection process may be implemented during
the thirteenth control performed in step S19, to be de-
scribed below. To describe the third end point detection
process more specifically, the third end point detection
unit 926 detects the lower corner portion on the right side
(the direction of the arrow X1) of the lower edge side of
the T-shirt T while the T-shirt T hangs down from the
carrying plate 402, and sets this corner portion as the
third end point P3. Further, to describe the fourth end
point detection process more specifically, the fourth end
point detection unit 928 detects the lower corner portion
on the left side (the direction of the arrow X2) of the lower
edge side of the T-shirt T while the T-shirt T hangs down
from the carrying plate 402 on the basis of the image
data, and sets this corner portion as the fourth end point
P4. Once at least the third end point P3 has been detect-
ed, the retaining mechanism 310A retains the third end
point P3 (the twelfth control, step S18). Note that at this
time, the rotary actuator 326A holds the finger members
322A of the retaining mechanism 310A vertically upward.
[0161] Next, as shown in Fig. 20(m), the retaining
mechanism 310A retaining the third end point P3 moves
the third end point P3 directly above the fourth end point
P4 (the thirteenth control, step S19). More specifically,
the retaining mechanism 310A moves upward and to the
left (in the direction of the arrow X2) while retaining the
third end point P3. As a result, the third end point P3 is
moved directly above the fourth end point P4. Note that
at a point during the process by which the retaining mech-
anism 310A lifts up the third end point P3, the rotary ac-
tuator 326A orients the finger members 322A vertically
downward.
[0162] Next, as shown in Fig. 20(n), the retaining
mechanism 310B retains the fourth end point P4 (the
fourteenth control, step S20). More specifically, the rotary
actuator 326B of the retaining mechanism 310B orients
the finger members 322B upward. With the finger mem-
bers 322B oriented upward, the retaining mechanism
310B retains the fourth end point P4 from the lower edge
of the T-shirt T.
[0163] Next, as shown in Fig. 20(o), the retaining
mechanism 310B lifts up the fourth end point P4 to the
same height as the third end point on the right side (the
direction of the arrow X1) of the third end point P3. At
this time, the rotary actuator 326 of the retaining mech-
anism 310B is operated to orient the finger members 322
downward. Next, the carrying plate 402 is rotated in the
forward direction (the rotary shaft 412 rotates counter-
clockwise when seen from the left side surface 102D).
As a result, the front and back of the T-shirt T are re-
versed. More specifically, upon completion of step S20,
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the back surface of the T-shirt T opposes the first imaging
unit 502, whereas in the preceding operations, the front
surface of the T-shirt T opposed the first imaging unit
502. After reversing the front and back of the T-shirt T,
the retaining mechanism 310A retaining the third end
point P3 and the retaining mechanism 310B retaining the
fourth end point P4 are moved horizontally in the door
direction (the direction of the arrow Y2). Next, the retain-
ing mechanism 310A releases the third end point P3.
Further, the retaining mechanism 310B releases the
fourth end point P4 (the fifteenth control, the hanging
length detection process, step S21). More specifically,
similarly to step S15, the two retaining mechanisms
310A, 310B are moved horizontally in the door direction
(the direction of the arrow Y2) until the lateral fold line B1
is aligned with the upper side edge line (the first edge
line C1) of the carrying plate 402, which is set at an angle
from the horizontal condition. As a result, a collar side
(an upper portion) of the T-shirt T is oriented toward the
side of the first imaging unit 502 attached to the inner
surface of the back surface 106B of the processing ap-
paratus 1. The hanging length detection unit 916 of the
control device 900 determines whether or not the lateral
fold line B1 is aligned with the first edge line C1. More
specifically, having received the image data captured
continuously by the first imaging unit 502 of the imaging
device 500, the hanging length detection unit 916 suc-
cessively checks the hanging length from the first edge
line of the carrying plate 402 to the lower end (the collar)
of the T-shirt T. As described above, the lateral fold line
B1 of the T-shirt T is set in a position exactly halfway
along the length of the T-shirt T, and therefore the hang-
ing length detection unit 916 stops the horizontal move-
ment of the two retaining mechanisms 310A, 310B after
detecting that the hanging length has reached a length
corresponding to half the length of the T-shirt T.
[0164] Next, as shown in Fig. 21 (p), the imaging device
500 obtains image data showing the T-shirt T hanging
down from the carrying plate 402, and transmits the im-
age data to the control device 900. The fifth end point
detection unit 930 then detects the fifth end point P5 on
the basis of the image data transmitted to the control
device 900 (fifth end point detection process, step S22).
Further, the sixth end point detection unit 932 detects the
sixth end point P6 on the basis of the same image data
transmitted to the control device 900 (sixth end point de-
tection process, step S23). More specifically, on the basis
of the image data from the first imaging unit 502 and the
second imaging unit 504, the fifth end point detection unit
930 detects the upper corner portion on the right side
(the direction of the arrow X1) of the T-shirt T in a con-
dition where the carrying plate 402 is set at a predeter-
mined angle from the horizontal condition and the T-shirt
T hangs down over the carrying plate 402 such that the
lateral fold line B1 is aligned with the upper side edge
line (the first edge line C1) of the carrying plate 402, and
sets the right side upper corner portion as the fifth end
point P5. Further, the sixth end point detection unit 932

detects the upper corner portion on the left side (the di-
rection of the arrow X2) of the T-shirt T on the basis of
the image data from the first imaging unit 502 and the
second imaging unit 504, and sets the left side upper
corner portion as the sixth end point P6.
[0165] Furthermore, the carrying plate 402 is rotated
to the vertical condition, whereupon the retaining mech-
anism 310A retains the fifth end point P5. Further, the
retaining mechanism 310B retains the sixth end point P6
(the sixteenth control, step S24). More specifically, the
rotary actuator 326A of the retaining mechanism 310A
is operated to cause the finger members 322A to retain
the fifth end point P5 while oriented downward. Further,
the rotary actuator 326B of the retaining mechanism
310B is operated to cause the finger members 322B to
retain the sixth end point P6 while oriented downward.
[0166] Next, as shown in Fig. 21 (q), the respective
retaining mechanisms 310A, 310B lift the T-shirt T above
the carrying plate 402 while retaining the fifth end point
P5 and the sixth end point P6. The carrying plate 402 is
then rotated so as to be held horizontally. Next, the re-
spective retaining mechanisms 310A, 310B move the
fifth end point P5 and the sixth end point P6 to the right
(in the direction of the arrow X1) of the carrying plate 402.
Further, the respective retaining mechanisms 310A,
310B move so that the fifth end point P5 and the sixth
end point P6 are arranged side by side in the front-rear
direction (the direction of the arrow Y) on the right of the
carrying plate 402. Here, the edge line on the far side
(the direction of the arrow Y1) of the horizontal carrying
plate 402 will be referred to as the first edge line C1, while
the edge line on the door side (the direction of the arrow
Y2) of the carrying plate 402 will be referred to as a sec-
ond edge line C2. When the fifth end point P5 and the
sixth end point P6 are arranged side by side in the front-
rear direction (the direction of the arrow Y), the retaining
mechanisms 310A, 310B set the positions of the fifth end
point P5 and the sixth end point P6 such that an imaginary
vertical plane including the first edge line C1 of the car-
rying plate 402 includes the first fold line B2 of the T-shirt
T. Note that the during the movements performed up to
this point, the retaining mechanisms 310A, 310B move
such that a distance between the fifth end point P5 and
the sixth end point P6 remains constant at all times.
[0167] Next, the respective retaining mechanisms
310A, 310B move downward while moving in a leftward
direction (the direction of the arrow X2). As a result, the
lower end portion (the collar side) of the T-shirt T is placed
on the upper surface of the horizontal carrying plate 402
(the seventeenth control, step S25). Note that at this time,
the finger members 322A, 322B of the respective retain-
ing mechanisms 310A, 310B are held in a horizontal lat-
eral orientation by the rotary actuators 326A, 326B. As
described above, the length and width of the T-shirt T
are measured by the length detection unit 915, and there-
fore the T-shirt T can be positioned such that the first fold
line B2 of the T-shirt T is included in the vertical plane
including the first edge line C1 of the carrying plate 402.

39 40 



EP 3 162 953 A1

22

5

10

15

20

25

30

35

40

45

50

55

Hence, when the T-shirt T is placed on the upper surface
of the carrying plate 402, the first fold line B2 of the T-
shirt T is aligned with the first edge line C1 of the carrying
plate 402.
[0168] Next, the retaining mechanism 310A releases
the fifth end point P5. Further, the retaining mechanism
310B releases the sixth end point P6 (the eighteenth con-
trol, step S26).
[0169] Next, as shown in Fig. 21 (r), the carrying plate
402 is rotated in the reverse direction (the rotary shaft
412 is rotated clockwise when seen from the left side
surface 102D) until oriented vertically (the nineteenth
control, step S27). As a result, the T-shirt T is hung over
the carrying plate 402 such that the first fold line B2 is
aligned with the first edge line C1 of the carrying plate
402. In this condition, the first end part D1 of the T-shirt
T hangs down on the far side (the direction of the arrow
Y1) of the carrying plate 402. Further, the central part D2
and the second end part D3 of the T-shirt T hang down
on the door side (the direction of the arrow Y2) of the
carrying plate 402.
[0170] Next, as shown in Fig. 22(s), the imaging device
500 obtains image data showing the T-shirt T hung over
the carrying plate 402, and transmits the image data to
the control device 900. The seventh end point detection
unit 934 then detects the seventh end point P7 on the
basis of the image data transmitted to the control device
900 (seventh end point detection process, step S28). Fur-
ther, the eighth end point detection unit 936 detects the
eighth end point P8 on the basis of the same image data
transmitted to the control device 900 (eighth end point
detection process, step S29). More specifically, on the
basis of the image data from the first imaging unit 502
and the second imaging unit 504, the seventh end point
detection unit 934 detects the upper corner portion on
the right side (the direction of the arrow X1) of the T-shirt
T in a condition where the T-shirt T is hung over the ver-
tical carrying plate 402 such that the first fold line B2 of
the processing subject T is aligned with the upper side
edge line (the first edge line C1) of the carrying plate 402,
and sets this corner portion as the seventh end point P7.
Further, the eighth end point detection unit 936 detects
the upper corner portion on the left side (the direction of
the arrow X2) of the T-shirt T on the basis of the image
data from the first imaging unit 502 and the second im-
aging unit 504, and sets this corner portion as the eighth
end point P8.
[0171] Next, the retaining mechanism 310A retains the
seventh end point P7. Further, the retaining mechanism
310B retains the eighth end point P8. More specifically,
the rotary actuator 326A of the retaining mechanism
310A is operated to cause the finger members 322A to
retain the seventh end point P7 while oriented downward.
Further, the rotary actuator 326B of the retaining mech-
anism 310B is operated to cause the finger members
322B to retain the eighth end point P8 while oriented
downward.
[0172] Next, the respective retaining mechanisms

310A, 310B lift the T-shirt T away from the carrying plate
402 while retaining the seventh end point P7 and the
eighth end point P8. The carrying plate 402 is then rotated
in the forward direction until horizontal (the twentieth con-
trol, step S30).
[0173] Next, as shown in Fig. 22(t), the respective re-
taining mechanisms 310A, 310B place the T-shirt T on
the horizontal carrying plate 402 (the twenty-first control,
step S31). More specifically, the retaining mechanisms
310A, 310B move horizontally in the door direction (the
direction of the arrow Y2) so as to position the T-shirt T
on the door side of the carrying plate 402. Next, the re-
taining mechanisms 310A, 310B move in the far side
direction (the direction of the arrow Y1) while lowering
the T-shirt T. As a result, the T-shirt T is placed on the
carrying plate 402 such that the central part D2 thereof
overlaps the first end part D1. A fold between the first
end part D1 and the central part D2 matches the first fold
line B2 of the T-shirt T. Further, as described above, the
length and width of the T-shirt T are measured by the
length detection unit 915, and therefore the retaining
mechanisms 310A, 310B can place the T-shirt T such
that the second fold line B3 of the T-shirt T is aligned with
the second edge line C2 serving as the edge line of the
carrying plate 402 in the door direction (the direction of
the arrow Y2) on the basis of positional relationships
thereof relative to the carrying plate 402. At this time, the
second edge line C2 hangs down from the carrying plate
402.
[0174] Next, as shown in Fig. 22(u), the carrying plate
402 is moved horizontally to the vicinity of the clamping
device 700 while carrying the T-shirt T such that the sec-
ond edge line C2 of the carrying plate 402 is aligned with
the second fold line B3. When the carrying plate 402 car-
rying the T-shirt T approaches, the upper side clamping
plate 702 and the lower side clamping plate 704 are ro-
tated in a mutually approaching direction. More specifi-
cally, the upper side clamping plate 702 rotates from a
vertically upward orientation to a horizontal orientation,
while the lower side clamping plate 704 rotates from a
vertically downward orientation to a horizontal orienta-
tion. Eventually, the T-shirt T and the carrying plate 402
are clamped between the rotated upper and lower side
clamping plates 702, 704 (the twenty-second control,
step S32). The second end part D3 of the T-shirt T, which
hangs down from the carrying plate 402, is lifted up by
the lower side clamping plate 704. As a result, the second
end part D3 is folded along the second fold line B3. In
this condition, the carrying plate 402 is interposed be-
tween the central part D2 (the first end part D1) and the
second end part D3 of the T-shirt T.
[0175] Next, as shown in Fig. 23(v), the carrying plate
402 is moved away from the clamping device 700 (the
twenty-third control, step S33). As a result, only the T-
shirt T is clamped by the clamping device 700. Further,
the clamped T-shirt T is folded in two in the length direc-
tion along the lateral fold line B1, and folded in three in
the width direction along the first fold line B2 and the
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second fold line B3.

[Transportation process (Fig. 15)]

[0176] Next, as shown in Fig. 23(w), the support 802
is elevated to its upper limit. Further, the support shaft
810 is rotated such that the support members 808 shift
from a vertically downward orientation to a horizontal ori-
entation. As the support shaft 810 rotates, the upper side
clamping plate 702 and lower side clamping plate 704 of
the clamping device 700 rotate so as to release the T-
shirt T. In other words, the upper side clamping plate 702
rotates to a vertically upward orientation, while the lower
side clamping plate 704 rotates to a vertically downward
orientation (the twenty-fourth control, step S34). As a re-
sult, the released T-shirt T is placed on the support mem-
bers 808 below the clamping device 700. Note that the
support members 808 are inserted into the slits 730 pro-
vided in the lower side clamping plate 704, and therefore
the support members 808 and the lower side clamping
plate 704 do not interfere with each other even when the
transportation device 800 is provided directly below the
clamping device 700. Hence, the T-shirt T can be placed
on the support members 808 after being released from
the clamping device 700 without losing its shape.
[0177] Next, as shown in Fig. 23(x), the support 802 is
lowered while maintaining the support members 808 in
a horizontal condition (the twenty-fifth control, step S35).
Once the support 802 has been lowered to the vicinity of
the processing subject reception box R provided on the
door 202, lowering of the support 802 is stopped and the
support members 808 are rotated to a vertically down-
ward orientation (the twenty-sixth control, step S36). As
a result, the T-shirt T slides down from the support mem-
ber 808 and is stored in the processing subject reception
box R without losing its shape (see Fig. 24(y)).
[0178] By repeating steps S1 to S36, folded T-shirts T
can be stacked in the processing subject reception box R.

[Features of processing apparatus 1]

[0179]

(1) In the processing apparatus 1 according to this
embodiment, the retaining devices 300A, 300B for
retaining the processing subject T and the carrying
plate 402 provided to be capable of rotating and car-
rying the processing subject T are controlled in com-
bination with each other (the tenth control and the
fifteenth control, for example). Therefore, when the
processing subject T is moved from a first side (the
door side, for example) to a second side (the far side,
for example) of the carrying plate 402, there is no
need to lift the entire processing subject T above the
carrying plate 402 or move the entire processing sub-
ject T by a large amount in the front-rear direction
(the direction of the arrow Y). In other words, when
the upper portion of the processing subject T has

been moved to the first side of the carrying plate 402
but the lower portion of the processing subject T is
still on the second side of the carrying plate 402, the
lower portion of the processing subject T remaining
on the second side can be hoisted up and moved to
the first side by rotating the carrying plate 402 toward
the first side. As a result, the processing apparatus
1 can be made more compact in terms of both a
height direction dimension and a front-rear direction
dimension even when the processing subject T is
long.
(2) In the processing apparatus 1 according to this
embodiment, when the lowermost point of the
processing subject T is not included in the image
data during the processing for detecting the first end
point P1 and the second end point P2 (the seventh
control and the ninth control), the processing subject
T is pulled horizontally over the carrying plate 402
to the opposite side rather than lifting up the process-
ing subject T even further. In so doing, the position
of the lowermost point of the processing subject T
can be elevated. Moreover, in so doing, space for
lifting up the processing subject T even further is not
required, and therefore the height dimension of the
processing apparatus 1 can be made more compact.
(3) In the processing apparatus 1 according to this
embodiment, the processing subject T is folded us-
ing the two edge lines (the first edge line C1 and the
second edge line C2) of the carrying plate 402, and
therefore the processing subject T can be folded
neatly in two or in three. Note that the method of
folding the processing subject T is not limited to that
described above, and the processing subject T may
be folded in four, or folds may be formed in specific
positions in accordance with the shape of the
processing subject T.
(4) In the processing apparatus 1 according to this
embodiment, by providing the carrying plate 402, op-
erations can be performed with the processing sub-
ject T hung over the carrying plate 402. Therefore,
when the retaining mechanism 310B retains the sec-
ond end point P2 after retaining the first end point
P1 (the ninth control), for example, the retaining
mechanism 310B can be moved in order to retain
the second end point P2 after releasing the first end
point P1. The reason for this is that while the retaining
mechanism 310B moves, the retaining mechanism
310A retains the first point P and the carrying plate
402 supports the processing subject T. Hence, there
is no need to retain three points, namely the first
point P, the first end point P1, and the second end
point P2, simultaneously, and only two points (either
the first point P and the first end point P1 or the first
point P and the second end point P2) need be re-
tained simultaneously. Accordingly, an increase in
the number of retaining mechanisms 310 can be pre-
vented, and as a result, the configuration of the re-
taining devices 300A, 300B can be simplified.
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Moreover, by performing the operations with the
processing subject T hung over the carrying plate
402, swinging and other movement of the processing
subject T can be reduced. As shown in Fig. 18(g),
for example, after retaining the first point P, the re-
taining mechanism 310A lifts up the T-shirt T until
the first point P reaches a higher position than the
carrying plate 402, which is slightly tilted from the
horizontal condition, but instead, the carrying plate
402 may be moved in the horizontal direction or ro-
tated such that the T-shirt T comes into contact with
the carrying plate 402 at the stage where the retain-
ing mechanism 310A has moved above the carrying
plate 402. In this case, swinging of the T-shirt T when
the T-shirt T is lifted up by one point (the first point
P) can be reduced. As a result, the following image
data acquisition operation (Fig. 18(h)) can be per-
formed by the imaging device 500 more accurately
and more quickly.
(5) In the processing apparatus 1 according to this
embodiment, the carrying plate 402 is capable of
moving in the front-rear direction, and therefore no
floor space is required to recognize and fold the
processing subject T. As a result, a floor area re-
quired to dispose the processing apparatus 1 can be
made more compact.
(6) In the processing apparatus 1 according to this
embodiment, the clamping device 700 is constituted
by "plates", namely the upper side clamping plate
702 and the lower side clamping plate 704, and these
"plates" clamp the entire folded processing subject
T. Therefore, the likelihood of the folded processing
subject T losing its shape can be greatly reduced in
comparison with a case where the folded processing
subject T is transported while gripping the corner por-
tions thereof or the like.
(7) In the processing apparatus 1 according to this
embodiment, the support 802 of the transportation
device 800 includes the plurality of support members
808, and the respective support members 808 are
disposed with gaps therebetween so as to form a
comb tooth-shaped surface for receiving the folded
processing subject T. Hence, by forming the slits 730
in the lower side clamping plate 704 of the clamping
device 700 at equal intervals to the gaps between
the support members 808, interference between the
lower side clamping plate 704 and the support 802
can be avoided. Further, by forming slits S (see Fig.
4) in a side face of the processing subject reception
box R at equal intervals to the gaps between the
support members 808, interference between the
processing subject reception box R and the support
802 can be avoided, and therefore the processing
subject T can be stored gently in the processing sub-
ject reception box R from a lower position. As a result,
the processing subject T is less likely to lose its
shape. Furthermore, by increasing the number of
support members 808, the number of contact points

between the support members 808 and the folded
processing subject T can be increased, and as a
result, the processing subject T is even less likely to
lose its shape.
(8) In the processing apparatus 1 according to this
embodiment, the support 802 of the transportation
device 800 is capable of moving in the up-down di-
rection. Therefore, even when a difference exists be-
tween the height of the clamping device 700 and the
height of the processing subject reception box R, the
folded processing subject T can be lowered to a pre-
determined position corresponding to the height of
the processing subject reception box R and stored
gently in the processing subject reception box R. As
a result, the processing subject T is even less likely
to lose its shape (the shape of the processing subject
T is even less likely to be spoiled). Conversely, the
processing subject reception box R may be elevated
to the height of the support 802 instead of moving
the support 802. In other words, the support 802 and
the processing subject reception box R are config-
ured to be capable of moving relative to each other.

[0180] Further, the processing subject reception box
R may be provided in a plurality, and in this case, the
processing subject reception boxes R and the support
802 may be moved relative to each other such that the
processing subject reception box R corresponding to the
type of the processing subject T is disposed under the
support 802. For example, T-shirts may be stored in a
first processing subject reception box R1, slacks may be
stored in a second processing subject reception box R2,
towels may be stored in a third processing subject recep-
tion box R3, and so on. In so doing, the processing subject
T is less likely to lose its shape and so on than in a case
where processing subjects T of different types are
stacked in the same reception box R, and the processing
subjects T do not have to be sorted after being removed
from the processing apparatus 1.
[0181] Note that in the processing apparatus 1 accord-
ing to this embodiment, the type of the processing subject
T is recognized in the type recognition process (Fig. 13,
S14-2), but at this time, an additional property (an own-
er/user, for example) of the processing subject T may
also be recognized. More specifically, the features (the
color, size, and so on, for example) and the additional
property (the owner/user, for example) of the processing
subject T may be associated with each other and input
into the type recognition unit in advance, and during the
type recognition process, the additional property (the
owner/user, for example) of the processing subject T may
also be recognized. In this case, the plurality of process-
ing subject reception boxes R and the support 802 may
be moved relative to each other such that the processing
subject reception box R corresponding to the additional
property (the owner/user, for example) of the processing
subject T is disposed under the support 802. For exam-
ple, the processing subjects T belonging to a father may
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be stored in the first processing subject reception box
R1, the processing subjects T belonging to a mother may
be stored in the second processing subject reception box
R2, the processing subjects T belonging to a child may
be stored in the third processing subject reception box
R3, and so on. In so doing, the processing subjects T do
not have to be sorted after being removed from the
processing apparatus 1.

(9) In the processing apparatus 1 according to this
embodiment, the support 802 of the transportation
device 800 can be rotated to a vertically downward
orientation. Hence, when the folded processing sub-
ject T carried on the support 802 is to be stored in
the processing subject reception box R, the process-
ing subject T can slide over the support member 808
so as to be stored in the processing subject reception
box R gently. As a result, the processing subject T
is less likely to lose its shape.
(10) In the processing apparatus 1 according to this
embodiment, the transportation device 800 is dis-
posed on the downstream side of the clamping de-
vice 700. Hence, the operation performed by the
transportation device 800 to transport the folded
processing subject T and the operation to fold the
processing subject T, which is implemented before
reaching the clamping device 700, can be undertak-
en simultaneously. As a result, the operating efficien-
cy of the processing apparatus 1 can be improved.
(11) In the processing apparatus 1 according to this
embodiment, the barrier member 222 is disposed on
the upper surface of the transportation conveyor 204
so that the processing subject T transported by the
transportation conveyor 204 is lifted onto the barrier
member 222. As a result, even when a thin process-
ing subject T (a handkerchief, for example) is carried
on the transportation conveyor 204 in a flat, unfurled
condition, the processing subject T can be retained
by the finger members 322 of the retaining mecha-
nisms 310A, 310B easily. Here, as shown in Fig. 4,
the barrier member 222 is formed from an elongated
member that extends in the width direction (the di-
rection of the arrow X), and therefore the processing
subject T can be lifted thereon in all positions in the
width direction (the direction of the arrow X). As a
result, the likelihood of gripping the end point of the
processing subject T initially as the first point P can
be increased (the barrier member 222 may be pro-
vided only in a specific position in the width direction
(for example, only in the center or in a plurality of
discrete locations), but in this case, the end point of
the processing subject T cannot be gripped initially
as the first point P unless the end point of the
processing subject T is in this specific location).
(12) In the processing apparatus 1 according to this
embodiment, the processing subject T inserted onto
the upper surface of the transportation conveyor 204
is moved temporarily to the far side of the processing

apparatus 1, whereupon the barrier member 222 is
disposed on the upper surface of the transportation
conveyor 204 and the transportation conveyor 204
is rotated in reverse so as to return the processing
subject T to the door side. In so doing, the amount
of floor space required to lift the processing subject
T onto the barrier member 222 and form a first point
P that can be retained by the retaining mechanism
310A easily can be reduced. As a result, the floor
area required to dispose the processing apparatus
1 can be made more compact.
(13) In the processing apparatus 1 according to this
embodiment, the transportation conveyor 204 is dis-
posed beneath the retaining devices 300A, 300B and
the carrying device 400. Therefore, even when the
processing subject T falls onto the upper surface of
the transportation conveyor 204 while being recog-
nized and folded by the retaining devices 300A, 300B
and the carrying device 400, the reception transpor-
tation process can be performed again from the be-
ginning using the reception transportation device
200.
(14) In the processing apparatus 1 according to this
embodiment, the gripping members 328 are at-
tached to the tip end portions of the pair of finger
members 322 provided on each retaining mecha-
nism 310. The gripping members 328 are attached
so as to be free to rotate relative to the finger mem-
bers 322. Therefore, when a part of the processing
subject T is retained by the finger members 322 while
the finger members 322 are oriented upward and
then the finger members 322 are oriented downward
by rotating the rotary actuator 326 while continuing
to retain the part of the processing subject T, for ex-
ample, the positions of the gripping members 328
relative to the processing subject T do not vary as
the finger members 322 rotate, but the angles of the
gripping members 328 relative to the finger members
322 vary. In other words, when the finger members
322 are oriented downward, the gripping members
328 are rotated by the weight of the processing sub-
ject T so that the processing subject T hangs down
from the finger members 322. As a result, the
processing subject T is less likely to become entan-
gled on the tip end portions of the finger members
322. When the gripping members 328 are not pro-
vided, the processing subject T can only be disen-
tangled by executing control to place the processing
subject T back on the carrying plate 402 or the like
temporarily, or by providing a more complicated
mechanism than the finger members 322.
(15) In the processing apparatus 1 according to this
embodiment, the respective imaging directions of
the two imaging units 502, 504 of the imaging device
500 are set to be substantially orthogonal to each
other. In so doing, the position of the end point to be
detected can be detected in three dimensions.
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[0182] An embodiment of the present invention was
described above on the basis of the drawings, but the
specific configurations of the present invention should
not be considered limited to those of the above embod-
iment. The scope of the present invention is indicated by
the claims as well as the description of the above em-
bodiment, and further includes all modifications equiva-
lent in meaning and scope to the claims, respective mod-
ified examples described below, and combinations of
these modified examples.

[Modified examples]

[0183]

(A) In the processing apparatus 1 according to the
above embodiment, an example in which digital still
cameras are used as the imaging units 502, 504 of
the imaging device 500 was described, but the
present invention is not limited to this configuration,
and an infrared light source and an infrared filter with
which infrared rays are emitted onto the processing
subject may be used instead of or in addition to the
digital still cameras. When an attempt is made by
the type recognition unit 914 of the control device
900 to recognize a processing subject T having black
parts on the surface thereof (a striped sweatshirt
having black stripes), for example, in a case where
only digital still cameras are used, the black parts
may merge with the background such that the
processing subject T is recognized erroneously as
being divided into separate pieces by the black parts,
despite being an integral processing subject T. When
the digital still cameras are used in combination with
an infrared filter, however, image data on which the
entire processing subject T, including the black parts
on the surface thereof, appears whitish can be ob-
tained. Note that the background remains black. As
a result, the black parts of the processing subject T
do not merge with the background, and therefore a
processing subject T having black parts on the sur-
face thereof can be recognized correctly. Note that
a dedicated infrared camera having
1432778475476_0 or 1432778475476_1 may also
be used as the imaging device 500.

[0184] Further, depending on the shape of a housing
of the processing apparatus 1 and the location in which
the processing apparatus 1 is disposed, external light
may not reach the interior of the housing of the processing
apparatus 1. Hence, the processing apparatus 1 may
include a lighting device (an LED, for example) for as-
sisting the imaging device 500 in image recognition.
Lighting of the lighting device is controlled in accordance
with instructions from the control device 900 so that the
lighting device is lit in order to illuminate an imaging range
of the imaging device 500 immediately before the imag-
ing device 500 performs an imaging operation, when the

image captured by the imaging device 500 is recognized
as being insufficiently bright, and so on, for example.
Here, from the viewpoint of assisting the imaging device
500 during image recognition, the inner surfaces of the
housing of the processing apparatus 1 may be colored
black (for example, formed from a black material or paint-
ed black). The processing subject T is closer to the light-
ing device than the background (the inner surfaces of the
housing), and is therefore brighter than the background
when irradiated with light. Hence, even when the
processing subject T is black, the processing subject T
is brighter than the black background (the inner surfaces
of the housing), and therefore the imaging device 500
can recognize the processing subject T as being distinct
from the background. When a processing subject T hav-
ing a dark color (dark blue, for example) is disposed in
the processing apparatus 1 in a case where the inner
surfaces of the housing are not black (when the inner
surfaces are blue, for example), the brightness of the
processing subject T may be increased by the emitted
light such that the apparent color of the processing sub-
ject T (dark blue appears close to blue) and the apparent
color of the background (blue) become substantially iden-
tical, causing the processing subject T to blend into the
background (the inner surfaces of the housing). For this
reason, black, with which such a situation cannot occur,
is preferably used as the color of the inner surfaces of
the housing of the processing apparatus 1. Note that the
ability of the imaging device 500 to recognize the
processing subject T may be improved by making the
inner surfaces of the housing of the processing apparatus
1 matte so as to increase the proportion of the light from
the lighting device that is diffusely reflected.

(B) In the processing apparatus 1 according to the
above embodiment, an example in which the respec-
tive moving mechanisms are realized by ball screw
mechanisms and linear motor mechanisms was de-
scribed, but the present invention is not limited to
this configuration, and the moving mechanisms may
also be realized by mechanisms such as air cylinder
mechanisms, motor cylinder mechanisms, belt slider
mechanisms, electric slider mechanisms, and rack
and pinion mechanisms.
(C) Further, in the processing apparatus 1 according
to the above embodiment, an example in which the
end points and so on are detected and the process-
ing subject T is recognized by the two imaging units
502, 504 was described, but the present invention
is not limited to this configuration, and one imaging
unit or three or more imaging units may be provided
instead. For example, an additional imaging unit 500
may be mounted on the moving plate 416R (Fig. 8)
such that the lens thereof is oriented toward the mov-
ing plate 416L, and used as the obstruction detecting
means in place of the processing subject sensor 409.
In a further example, additional imaging units 500
may be provided on the retaining mechanisms 310A,
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310B in order to photograph the condition in which
the processing subject T is retained.
(D) Furthermore, when the first end point P1 of the
processing subject T is to be retained by the retaining
mechanism 310B (the seventh control, step S9), for
example, the retaining device control unit 904 per-
forms control such that the retaining mechanism
310B retains the detected first end point P1, but since
an error or the like may exist in the detected position
of the first end point P1, it is impossible to determine
whether or not the retaining mechanism 310B has
actually retained the processing subject T. If the re-
taining mechanism 310B has not been able to retain
the processing subject T, the subsequent control
processes/steps cannot be performed. Hence, a re-
taining determination process described below may
be applied when the processing subject T is retained
by the retaining mechanisms 310A, 310B.

[Retaining determination process]

[0185] In this modified example, the control device 900
includes a retaining determination unit 918. When the
processing subject T is retained by the retaining mech-
anisms 310A, 310B, the imaging device 500 obtains im-
age data showing a peripheral area including the retained
positions (the first end point P1 and the second end point
P2, for example) continuously from the start of the retain-
ing control executed by the retaining device control unit
904 to a point at which the retaining mechanisms 310A,
310B are moved by a small amount after retaining the
processing subject T. The retaining determination unit
918 receives the image data from the imaging device
500, and obtains a difference in the outer shape of the
processing subject T between the start of the retaining
control executed by the retaining device control unit 904
to the point at which the retaining mechanisms 310A,
310B are move by a small amount after retaining the
processing subject T.
[0186] When the difference is zero, or in other words
when the processing subject T is unchanged, the retain-
ing determination unit 918 determines that the retaining
mechanisms 310A, 310B have not been able to retain
the processing subject T, and therefore prompts the con-
trol device 900 to re-implement the immediately preced-
ing control process/step. At this time, the shape and po-
sition of the processing subject T may be slightly altered
to make the processing subject T easier to grab. For ex-
ample, the shape and position of the processing subject
T are altered by moving the transportation conveyor 204
slightly in the front-rear direction when the processing
subject T cannot be lifted up in the reception transporta-
tion process (Fig. 12), and moving the retaining mecha-
nism 310A or the carrying plate 402 when the first end
point P1 of the processing subject T cannot be retained
by the retaining mechanism 310B.
[0187] When a significant difference exists in the outer
shape of the processing subject T, on the other hand, or

in other words when the processing subject T has
changed, the retaining determination unit 918 deter-
mines that the retaining mechanisms 310A, 310B have
been able to retain the processing subject T, and there-
fore prompts the control device 900 to advance to the
next control process/step.
[0188] Note that the retaining determination unit 918
performs the retaining determination after receiving the
image data from the imaging device 500, but depending
on the position of the processing subject T (i.e. whether
the processing subject T is on the transportation convey-
or 204 or the like, for example), the frames of the retaining
mechanisms 310A, 310B or the moving mechanisms
320A, 320B may obstruct the imaging device 500 so that
the imaging device 500 cannot photograph the process-
ing subject T clearly. To deal with a case such as this, a
method such as (1) obtaining the difference in the outer
shape of the processing subject T after moving the re-
taining mechanisms 310A, 310B to a location where the
frames thereof do not cause an obstruction (for example,
elevating the retaining mechanisms 310A, 310B to the
vicinity of the carrying plate 402), (2) forming the frames
of the retaining mechanisms 310A, 310B and the moving
mechanisms 320A, 320B from a transparent material, or
(3) providing small digital still cameras additionally on the
retaining mechanisms 310A, 310B as the imaging device
500 and obtaining the image data using these additional
cameras, for example, may be employed.
[0189] Furthermore, in another example of the retain-
ing determination process, weight sensors may be pro-
vided on the retaining mechanisms 310A, 310B, for ex-
ample, and the retaining determination unit 918 may de-
termine whether or not the processing subject T has been
retained from a difference in weight following the start of
the retaining control performed by the retaining device
control unit 904.
[0190] By providing the retaining determination unit
918 and performing the retaining determination process
when the processing subject T is retained by the retaining
mechanisms 310A, 310B, the control processes/steps
executed by the processing apparatus 1 can be ad-
vanced reliably.
[0191] Note that when the processing apparatus 1 vi-
brates or the like, the imaging position of the imaging
device 500 may shift. When, in this case, image process-
ing is performed on the basis of the position of the imaging
device 500 prior to the shift, a positional deviation may
occur such that the retaining mechanisms 310A, 310B
repeatedly fail to retain the processing subject T. In this
case (for example, when retaining fails a predetermine
number of times or more even though the processing
subject T has been photographed by the imaging device
500), the retaining determination unit 900 may determine
that the position of the imaging device 500 has shifted
and perform calibration between the imaging device 500
and the retaining mechanisms 310A, 310B. The retaining
mechanisms 310A, 310B each have a set physical mov-
able limit (coordinate position), and therefore calibration
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is performed by moving the retaining mechanisms 310A,
310B to their movable limits, and then comparing coor-
dinate positions obtained from the image data generated
by the imaging device 500 at that time with the coordinate
positions of the movable limits.

(E) In the processing apparatus 1 according to the
above embodiment, the barrier member 222 of the
reception transportation device 200 is supported by
the door main body 210 so as to rotate in conjunction
with the rotation of the door main body 210. The
present invention is not limited to this configuration,
however, and a barrier member up-down direction
moving mechanism (not shown) that allows the bar-
rier member 222 to approach and move away from
the upper surface of the transportation conveyor 204,
for example, may also be provided. By providing this
barrier member up-down direction moving mecha-
nism, the control for disposing the barrier member
222 on the upper surface of the transportation con-
veyor 204 can be executed independently of the con-
trol for opening and closing the door main body 210.
As a result, the door main body 210 can be closed
as soon as the processing subject T is inserted into
the processing apparatus 1, for example, instead of
waiting for the transportation conveyor 204 to move
the processing subject T to the far side of the
processing apparatus 1.
(F) When detecting the lowermost point of the
processing subject T (during the first end point de-
tection process, for example), the position of the low-
ermost point detected on the basis of the image data
from the first imaging unit 502 may not match the
position of the lowermost point detected on the basis
of the image data from the second imaging unit 504.
When detecting the lowermost point of the process-
ing subject T, therefore, a locus of the position of the
lowermost point detected on the basis of the image
data from the first imaging unit 502 may be projected
onto the image data obtained by the second imaging
unit 504.
(G) Further, the smallest unit of the image data ob-
tained from the imaging device 500 is a pixel, but by
calculating a position within the pixel using the gra-
dation of the image data, an improvement in detec-
tion precision can be achieved.
(H) Furthermore, respective origin positions of the
retaining mechanisms 310A, 310B may be set in the
retaining device control unit 904. In so doing, the
retaining mechanisms 310A, 310B can be returned
to their respective origins as required from any con-
trol process/step. The retaining device control unit
904 may also set a maximum distance between the
finger members 322A of the retaining mechanism
310A and the finger members 322B of the retaining
mechanism 310B during a specific step, and control
the movement of the retaining mechanisms 310A,
310B so that the distance between the finger mem-

bers 322A and the finger members 322B does not
exceed this distance. For example, when the retain-
ing mechanism 310A retains the first point P and the
retaining mechanism 310B retains the first end point
P1 during the recognition process (Fig. 18(h)), the
distance between the first point P and the first end
point P1 is calculated and set in the retaining device
control unit 904 as the maximum distance. Then, dur-
ing the following operations up to the point at which
the second end point P is retained (i.e. during the
operations for moving the retaining mechanisms
310A, 310B while the retaining mechanism 310A re-
tains the first point P and the retaining mechanism
310b [retains the first end point P1]), control is im-
plemented to ensure that the retaining mechanisms
310A, 310B are not moved beyond the maximum
distance. Accordingly, a situation in which the finger
members 322A and the finger members 322B pull
the processing subject T apart by a distance exceed-
ing the length thereof (the length by which the
processing subject T extends under its own weight)
can be prevented from occurring, and as a result,
damage to and stretching of the processing subject
T can be suppressed.

[0192] Note that in order to prevent the retaining mech-
anisms 310A, 310B from stretching and damaging the
processing subject T, a damping member such as a
spring may be provided on a part of the retaining mech-
anism 310A and/or the retaining mechanism 310B (be-
tween the linear actuator 324 and the connecting mem-
ber 330 or the like, for example). Thus, when the retaining
mechanisms 310A and 310B move away from each other
while retaining the processing subject T, tensile force ex-
erted on the processing subject T can be reduced by the
damping member provided on the retaining mechanisms
310A, 310B, and as a result, damage to and stretching
of the processing subject T can be suppressed. In an-
other example, a tension sensor may be provided on the
retaining mechanism 310A and/or the retaining mecha-
nism 310B in order to monitor the force exerted on the
retaining mechanisms 310A, 310B, and the distance be-
tween the retaining mechanisms 310A and 310B may be
controlled such that excessive force is not exerted on the
processing subject T.

(I) In the processing apparatus 1 according to the
above embodiment, a case in which the two retaining
devices 300A, 300B are used, each retaining device
being capable of moving in the front-rear, up-down,
and left-right directions, and each retaining device
including the finger members 322 that are capable
of gripping the processing subject T, was described.
The present invention is not limited to this configu-
ration, however, and one retaining device 300A may
be configured to be capable of moving only in the
left-right direction, for example. In so doing, the con-
figuration of the processing apparatus 1 can be sim-
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plified. An example in which the retaining device
300A is capable of moving only in the left-right direc-
tion will be described below.

[0193] In the processing apparatus 1 in which the re-
taining device 300A is capable of moving only in the left-
right direction, as shown in Fig. 26, the retaining device
300A is provided in an upper portion of the processing
apparatus 1 close to the front surface 106A. The moving
mechanism 320A of the retaining device 300A includes
only the width direction moving mechanism 332A de-
scribed in the above embodiment, and the up-down di-
rection moving mechanism and front-rear direction mov-
ing mechanism are omitted.
[0194] Next, operations performed to recognize and
fold the processing subject T in a case where the retaining
device 300A is capable of moving only in the left-right
direction will be described briefly. In the recognition and
folding operations performed using the processing ap-
paratus 1 according to the above embodiment, the op-
erations of the retaining devices 300A, 300B can be
broadly divided into (1) a case in which the retaining
mechanism 310A of the retaining device 300A retains
the processing subject T alone (for example, the sixth
control/step S7, in which the retaining mechanism 310A
retains the first point P) and (2) a case in which the re-
taining mechanism 310A of the retaining device 300A
and the retaining mechanism 310B of the retaining device
300B retain the processing subject T simultaneously (for
example, the eighth control/step S10, in which the retain-
ing mechanism 310A retains the first point P and the re-
taining mechanism 310B retains the first end point P1).
[0195] In an embodiment where the retaining device
300A is capable of moving only in the left-right direction,
in case (1), first, the retaining mechanism 310B of the
retaining device 300B that is capable of moving in the
front-rear, up-down, and left-right directions retains a pre-
determined position of the processing subject T, where-
upon the retaining mechanism 310B moves to the vicinity
of the retaining mechanism 310A and causes the retain-
ing mechanism 310A to retain the predetermined posi-
tion. Further, in case (2), the retaining mechanism 310B
initially retains the position to be retained by the retaining
mechanism 310A, whereupon the retaining mechanism
310A is caused to retain the predetermined position, sim-
ilarly to case (1). The retaining mechanism 310B then
retains the position to be held by the retaining mechanism
310B.
[0196] As regards the operations of the respective re-
taining devices 300A, 300B in an embodiment where the
retaining device 300A is capable of moving only in the
left-right direction, several control processes/steps may
be cited as examples. First, the twelfth to fifteenth con-
trol/steps S18 to S21 will be described. As shown in Fig.
27(aa), the third end point P3 detected in step S16 is
retained by the retaining mechanism 310B. Next, the re-
taining mechanism 310B moves to the vicinity of the re-
taining mechanism 310A, which is waiting directly above

the fourth end point P4, and causes the retaining mech-
anism 310A to retain the third end point P3. Next, as
shown in Fig. 27(bb), the retaining mechanism 310B re-
tains the fourth end point P4 (the fourteenth control, step
S20) and lifts up the fourth end point P4 to the same
height as the third end point P3 on the right side (the
direction of the arrow X1) of the third end point (the fif-
teenth control, step S21).
[0197] Next, the sixteenth and seventeenth con-
trol/steps S24 and S25 will be described. As shown in
Fig. 27(cc), first, the retaining mechanism 310B retains
the fifth end point P5. Next, the retaining mechanism
310B moves to the vicinity of the retaining mechanism
310A and causes the retaining mechanism 310A to retain
the fifth end point P5. The retaining mechanism 310B
then retains the sixth end point P6 (the sixteenth control,
step S24). Next, the respective retaining mechanisms
310A, 310B move the fifth end point P5 and the sixth end
point P6 to the right (the direction of the arrow X1) of the
carrying plate 402. Further, the retaining mechanisms
310A, 310B move such that the fifth end point P5 and
the sixth end point P6 are arranged side by side in the
front-rear direction (the direction of the arrow Y) on the
right of the carrying plate 402. Next, the retaining mech-
anism 310A moves in the leftward direction (the direction
of the arrow X2) while the retaining mechanism 310B
descends while moving in the leftward direction (the di-
rection of the arrow X2). Further, as the two retaining
mechanisms 310A, 310B move, the carrying plate 402
is rotated in the forward direction from the horizontal con-
dition (the rotary shaft 412 rotates counterclockwise
when seen from the left side surface 102D). Hence, the
door side (the arrow Y2 side) edge portion of the carrying
plate 402 approaches the retaining mechanism 310A as
the retaining mechanism 310A moves, whereby the T-
shirt T can be placed on the upper surface of the carrying
plate 402 in a similar manner to a case such as that of
the above embodiment, in which the retaining mecha-
nism 310A is lowered so as to approach the carrying
plate 402 waiting in the horizontal condition (the seven-
teenth control, step S25). Note that the far side (the arrow
Y1 side) edge portion of the carrying plate 402, to which
the retaining mechanism 310B corresponds, moves
downward, and therefore the retaining mechanism 310B
must be lowered by a greater distance than in the above
embodiment.
[0198] Next, the twentieth and twenty-first con-
trol/steps S30 and S31 will be described. As shown in
Fig. 28(dd), first, the retaining mechanism 310B retains
the seventh end point P7. Next, the retaining mechanism
310B moves to the vicinity of the retaining mechanism
310A and causes the retaining mechanism 310A to retain
the seventh end point P7. The retaining mechanism 310B
then retains the eighth end point P8 and lifts up the eighth
end point P8 (the twentieth control, step S30).
[0199] Next, as shown in Fig. 28(ee), the respective
retaining mechanisms 310A, 310B place the T-shirt T on
the carrying plate 402 (the twenty-first control, step S31).
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More specifically, in a condition where the respective re-
taining mechanisms 310A, 310B lift up the T-shirt T by
the seventh end point P7 and the eighth end point P8
(Fig. 29(a)), the carrying plate 402 is rotated slightly in
the forward direction (Fig. 29(b)) from the vertical orien-
tation (the rotary shaft 412 rotates counterclockwise
when seen from the left side surface 102D). Next, the
retaining mechanism 310A releases the seventh end
point P7 and the retaining mechanism 310B is lowered
while retaining the eighth end point P8 (Fig. 29(c)). Fur-
ther, as the retaining mechanism 310B is lowered, the
carrying plate 402 is rotated further in the forward direc-
tion. As a result, the T-shirt T can be placed on the car-
rying plate 402 while maintaining the folded shape of the
T-shirt T (Fig. 29(d)).

(J) Furthermore, the moving mechanisms 320A may
all be omitted from the retaining device 300A, and
the retaining device 300A may be constituted by only
a fixed hook that does not perform opening/closing
operations instead of the finger members 322A that
perform opening/closing operations. In so doing, the
configuration of the processing apparatus 1 can be
simplified even further. Note that in this case, many
of the movements of the retaining mechanism 310A
are restricted, and therefore the folded shape of the
processing subject T placed on the carrying plate
402 may be slightly disheveled. However, by cor-
recting this dishevelment using the freely moving re-
taining mechanism 310B, the processing subject T
can be recognized and folded.
(K) In the processing apparatus 1 according to the
above embodiment, the retaining mechanisms
310A, 310B rotate in the direction of the arrow R1,
as shown in Fig. 6, and the finger members 322A,
322B open and close so as to approach and move
away from each other in a widthwise direction. The
present invention is not limited to this configuration,
however, and instead, for example, additional rotary
actuators may be provided between the connecting
member 330 and the respective linear actuators
324A, 324B shown in Fig. 6 so that the finger mem-
bers 322A, 322B also rotate about the lengthwise
direction. Hence, when the end portions of the
processing subject T retained by the finger members
322A, 322B become twisted, for example, the end
portions can be untwisted by rotating the finger mem-
bers 322A, 322B in either the forward direction or
the reverse direction about the lengthwise direction
(when the end portions are not untwisted, an oppo-
site rotation direction is required, and therefore the
finger members 322A, 322B are rotated in reverse).
Note that twisting/untwisting of the processing sub-
ject T retained by the finger members 322A, 322B
can be recognized by having the imaging device 500
photograph the processing subject T in the vicinity
of the finger members 322A, 322B and performing
edge detection.

(L) Rotating the finger members 322A, 322B in the
manner described in (K) is effective when the end
portion of the processing subject T retained by the
finger members 322A or 322B becomes twisted, but
the processing subject T may also become entan-
gled or overlapped between the finger members
322A and 322B. To disentangle the processing sub-
ject T or prevent the processing subject T from be-
coming entangled and so on, the retaining device
control unit 904 may perform a following disentan-
gling operation by controlling the movement of the
retaining mechanisms 310A, 310B during the recog-
nition process (as the processing subject T is un-
furled).

[0200] Here, a case in which the disentangling opera-
tion is performed during the recognition process between
the point at which the first end point P1 is retained (Fig.
18(h)) and the point at which the second end point P2 is
retained (Fig. 18(i)) will be described as an example.
[0201] First, as shown in Fig. 30(a), the processing
subject T is spread out in the width direction (the direction
of the arrow X) by moving the retaining mechanism 310A
horizontally in the leftward direction (the direction of the
arrow X2) and moving the retaining mechanism 310B
horizontally in the rightward direction (the direction of the
arrow X1) while the retaining mechanism 310A retains
the first point P and the retaining mechanism 310B retains
the first end point P1. When a part of the processing
subject T is entangled or overlapped between the retain-
ing mechanisms 310A, 310B, the entanglement or over-
lap can be eliminated or ameliorated by this operation.
Next, the retaining mechanism 310B lifts up the first end
point P1 to the same height as the first point P (Figs.
30(b) and 31(c)). At a point during the process by which
the retaining mechanism 310B lifts up the first end point
P1, the rotary actuator 326B orients the finger members
322B vertically downward.
[0202] Next, as shown in Fig. 31 (c), respective width
direction (arrow X1/X2 direction) positions of the retaining
mechanisms 310A, 310B are interchanged by moving
the retaining mechanism 310A horizontally in the right-
ward direction (the direction of the arrow X1) and moving
the retaining mechanism 310B horizontally in the leftward
direction (the direction of the arrow X2) while the retaining
mechanism 310A retains the first point P and the retaining
mechanism 310B retains the first end point P1. As a re-
sult, the processing subject T is reversed in the width
direction (the direction of the arrow X), and therefore the
entanglement or overlap of the processing subject T can
be eliminated. Subsequent operations are identical to
those of the above embodiment. More specifically, the
second end point detection unit 924 detects the second
end point P2 furthest from the straight line L1 linking the
first point P to the first end point P1, and when the second
end point P2 is detected, the retaining mechanism 310B
retaining the first end point P1 releases the first end point
P1 and retains the second end point P2 (Fig. 31 (d)).
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[0203] By widening the gap between the retaining
mechanisms 310A, 310B in the width direction and inter-
changing the width direction positions thereof in this man-
ner before beginning the operation to retain the next low-
ermost point from a condition in which the processing
subject T is retained by the retaining mechanisms 310A,
310B, entanglement and overlap of the processing sub-
ject T can be eliminated or ameliorated.

(M) In the processing apparatus 1 according to the
above embodiment, the processing subject sensor
409 used to determine that the processing subject
T has been lifted onto the barrier member 222 is
attached to the moving plate 416 of the front-rear
direction moving mechanism 408 provided in the car-
rying device 400. The present invention is not limited
to this configuration, however, and the processing
subject sensor 409 may be fixed in the position of
the barrier member 222 when the door main body
210 is closed.
(N) In the processing apparatus 1 according to the
above embodiment, the barrier member 222 is an
elongated member that extends in the width direction
(the direction of the arrow X), as shown in Fig. 4, but
the present invention is not limited to this configura-
tion, and instead, for example, the barrier member
222 may be provided in only a specific position in
the width direction (for example, only in the center
or in a plurality of discrete locations). Further, in the
processing apparatus 1 according to the above em-
bodiment, the barrier member 222 is connected to
the side surface plate 230 of the processing subject
reception member 220, but the barrier member 222
may be provided independently of the processing
subject reception member 220.
(O) Furthermore, to ensure that the processing sub-
ject T can be retained by the finger members 322 of
the retaining mechanisms 310A, 310B easily even
when a thin processing subject T (a handkerchief,
for example) is carried on the transportation convey-
or 204 in a flat, unfurled condition, the following con-
figuration, for example, may be employed in place
of the barrier member 222.

[0204] For example, one or a plurality of thread-like
members (threads, wires, or the like, for example) may
be suspended over the upper surface of the transporta-
tion conveyor 204 so as to extend over the entire width
direction (the direction of the arrow X) and configured to
be capable of moving up and down (in the direction of
the arrow Z), and this thread-like member may be used
as a barrier member instead of the barrier member 222
shown in Fig. 4. When the transportation conveyor 204
rotates in the forward direction (such that the processing
subject T moves away from the door main body 210), the
thread-like member is moved to substantially identical
height positions to the transportation conveyor 204.
Therefore, the movement of the processing subject T on

the transportation conveyor 204 is not impeded by the
thread-like member. When the transportation conveyor
204 starts to rotate in the reverse direction (such that the
processing subject T approaches the door main body
210), on the other hand, the thread-like member is moved
in the upward direction so as to move away from the
transportation conveyor 204 (when a plurality of thread-
like members are provided, the respective height posi-
tions thereof may be set to increase gradually in a direc-
tion approaching the door main body 210 (the direction
of the arrow Y2)). The processing subject T transported
to the thread-like member is lifted onto the thread-like
member, and therefore the thread-like member functions
as a barrier member. Note that the thread-like member
may be moved in the upward direction after the process-
ing subject T has been lifted thereon. When the thread-
like member is then moved in the upward direction, the
processing subject T is lifted up by the thread-like mem-
ber, and therefore the thread-like member function as a
barrier member likewise in this case.
[0205] In another example, the conveyor 204 (see Fig.
4) forms a horizontal plane (an XY plane) in the process-
ing apparatus 1 according to the above embodiment, but
instead, a fixed or movable structure may be provided
on a lower surface of the conveyor 204 such that a part
of the surface of the conveyor 204 projects in the vertical
direction (the Z direction) either permanently or tempo-
rarily, and this part may be used as the barrier member.
[0206] In a further example, as shown in Fig. 32(a), a
first conveyor 204A and a second conveyor 204B divided
in two in an advancement direction of the processing sub-
ject T may be used, and by tilting the first conveyor 204A
as shown in Fig. 32(b), after determining that the process-
ing subject T has been lifted onto the conveyor 204A, the
processing subject T can essentially be lifted higher than
the initial carrying surface (the horizontal surface of the
second conveyor 204B). As a result, the processing sub-
ject T is lifted up by the first conveyor 204A, and therefore
the processing subject T can be retained by the finger
members 322 of the retaining mechanisms 310A, 310B
easily even when a thin processing subject T (a hand-
kerchief, for example) is carried on the second conveyor
204B in a flat condition.

(P) In the processing apparatus 1 according to the
above embodiment, the processing subject T insert-
ed into the processing apparatus 1 in the reception
transportation process (Fig. 12) is carried on the
transportation conveyor 204, but instead, as shown
in Fig. 33, for example, an auxiliary reception mem-
ber 260 may be provided on the far side (the direction
of the arrow Y1) of the transportation conveyor 204
at a slight remove from the transportation conveyor
204 so that when the processing subject T is trans-
ported to the far side by rotating the transportation
conveyor 204 in the forward direction, a part of the
processing subject T is lifted onto the auxiliary re-
ception member 260. The auxiliary reception mem-
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ber 260 is an elongated plate having a substantially
identical width to the width direction (the direction of
the arrow X in Fig. 3) of the transportation conveyor
204, and as shown in Fig. 33, has an arc-shaped
cross-section with an incline that increases gradually
upward (in the direction of the arrow Z). The process-
ing subject T, having been lifted onto the auxiliary
member 206 in response to the forward direction ro-
tation of the transportation conveyor 204, receives
a rotation action and so on, and is then moved toward
the barrier member 222 by rotating the transportation
conveyor 204 in the reverse direction. In other words,
the condition/shape in which the processing subject
T is carried on the transportation conveyor 204 can
be varied every time the transportation conveyor 204
is moved (in the direction of the arrows Y1 and Y2).
For example, when a plurality of processing subjects
T are inserted into the processing apparatus 1 at the
same time, the processing subjects T can be disen-
tangled from each other and relative positions of the
plurality of processing subjects T in the Y direction
can be modified.
(Q) In the processing apparatus 1 according to the
above embodiment, a component constituted by the
carrying plate main body 410, which is formed from
a substantially rectangular plate, and the rotary shaft
412 is used as the carrying plate 402, but the present
invention is not limited to this configuration, and in-
stead, for example, the carrying plate 402 may be
formed from a plurality of plates that are connected
to each other to be capable of sliding so that respec-
tive magnitudes of a long side and a short side there-
of can be modified. The width of the carrying plate
402 can then be halved or reduced to approximately
1/3, for example, during the recognition process (Fig.
13), and then returned to its original size during the
folding process (Fig. 14), for example. In another ex-
ample, when the processing subject T is recognized
as being small, the folding process may be per-
formed after reducing the magnitude of the long side
or the short side of the carrying plate to one half or
approximately 1/3, for example.
Further, for example, plate-shaped members formed
from different materials may be used on the front
surface, the rear surface, and the side faces of the
carrying plate 402. For example, by forming the front
surface and one of the side faces of the carrying
plate 402 from a material having a large frictional
coefficient or coating these surfaces with such a ma-
terial, and forming the rear surface and the other side
face from a material having a small frictional coeffi-
cient or coating these surfaces with such a material,
the "slidability" of the carrying plate 402 when carry-
ing the processing subject T can be modified freely
by selecting a contact surface (the front surface, the
side faces, or the rear surface) of the carrying plate
402. Hence, during an operation in which it is nec-
essary to retain the processing subject T securely,

for example (when the processing subject T is caught
on the carrying plate 402 while retained by the two
retaining mechanisms 310A, 310B and then re-
leased by the retaining mechanisms 310A, 310B or
the like, for example), the surface of the carrying
plate 402 having a large frictional coefficient prefer-
ably contacts the processing subject T. Further,
when the carrying plate 402 alone is moved away
while the carrying plate 402 and the processing sub-
ject T are clamped between the upper and lower
clamping plates 702 and 704 (Figs. 22(u) and 23(v))
or the like, for example, the surface of the carrying
plate 402 having a small frictional coefficient prefer-
ably contacts the processing subject T so that the
folded processing subject T does not become wrin-
kled.
(R) As described in (1) of the [Features of the
processing apparatus 1] according to the above em-
bodiment, the processing apparatus 1 is configured
such that when the upper portion of the processing
subject T has been moved to the first side of the
carrying plate 402 but the lower portion of the
processing subject T is still on the second side of the
carrying plate 402, the lower portion of the process-
ing subject T remaining on the second side can be
hoisted up and moved to the first side of the carrying
plate 402 by rotating the carrying plate 402 toward
the first side. In addition, the processing apparatus
1 may perform the following operation to shift the
position in which the processing subject T hangs
down onto the carrying plate 402 to the lower side
of the processing subject T by controlling the retain-
ing device control unit 904 and the carrying device
control unit 906.

[0207] As shown in Fig. 34(a), the processing subject
T is lifted up over the carrying plate 402 to a prescribed
position by the retaining mechanism 310A or 310B (not
shown). In this condition, image data showing the
processing subject T are obtained by the imaging device
500, and the length of the processing device T (for ex-
ample, a distance from the position in which the process-
ing subject T is retained by the retaining mechanism 310A
or 310B to the lowermost point of the processing subject
T) is calculated. Next, the carrying plate 402 is caused
to move toward the far side (the direction of the arrow
Y1) of the processing apparatus 1 while catching/hoisting
the processing subject T by rotating the carrying plate
402 alternately in the forward direction and the reverse
direction while keeping the position of the retaining mech-
anism 310A or 310B fixed (Figs. 34(a) and 34(b)). Once
the carrying plate 402 has moved by a predetermined
distance prescribed in accordance with the length of the
processing subject T, movement thereof in the far side
direction is stopped, and the carrying plate 402 is rotated
to the vertical condition (Fig. 35(c)). Next, the carrying
plate 402 is moved in the door direction (the direction of
the arrow Y2) of the processing apparatus 1 while re-
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maining vertical (Fig. 35(d)). At this time, the carrying
plate 402 is held in the vertical condition, and therefore
the processing subject T is retained securely on the upper
edge of the carrying plate 402 and thereby prevented
from sliding off as the carrying plate 402 moves. When
the carrying plate 402 returns to a predetermined posi-
tion, the carrying plate 402 is rotated to a predetermined
angle (Fig. 36(e)). During the operation up to this point,
the position of the retaining mechanism 310A or 310B
remains fixed. In other words, by performing this opera-
tion, the position in which the processing subject T hangs
down onto the carrying plate 402 can be shifted to the
lower side of the processing subject T without moving
the retaining mechanism 310A or 310B. This operation
is particularly effective when unfurling a long processing
subject T in a situation where the movable range of the
retaining mechanism 310A or 310B is limited.

(S) In the above embodiment, a processing opera-
tion in which the T-shirt T is used as the processing
subject T was described, but needless to mention,
the type of processing subject T processed by the
processing apparatus 1 is not limited to a T-shirt. A
recognition process and a folding process performed
when slacks T are used as the processing subject T
will be described below. The reception transportation
process and the transportation process are identical
to those of a case in which the processing subject T
is the T-shirt T, and therefore description thereof has
been omitted.

[0208] By switching the lowermost point of the slacks
T repeatedly as shown in Fig. 37(a) after the first point P
of the processing subject T has been retained and lifted
up by the retaining mechanism 310A at the end of the
reception transportation process, the retaining mecha-
nisms 310A and 310B end up retaining the respective
lower edges of the slacks T as shown in Fig. 37(b). The
image data showing the processing subject T are input
into the type recognition unit 914 from the imaging device
500 every time the lowermost point of the processing
subject T is switched, and when image data showing this
condition are input, the type recognition unit 914 recog-
nizes the slacks T as "slacks" and obtains the folding
information corresponding to "slacks". Further, at this
time, the length detection unit 915 measures dimensions
of respective parts of the slacks T, such as the width of
a waist part of the slacks T and the length from the waist
to the lower edges, on the basis of the image data ob-
tained from the imaging device 500, and stores the meas-
urement results temporarily in the RAM or the like of the
control device 900.
[0209] Next, the folding process is started. First, as
shown in Fig. 38(c), the slacks T are caught on and low-
ered onto the carrying plate 402 in a substantially central
position in a lengthwise direction thereof. In this condi-
tion, the retaining mechanism 310A retains and lifts up
an end portion of the slacks T lying on the carrying plate

402, and the retaining mechanism 310 B retains and lifts
up an end portion of the waist of the slacks T hanging
down from the carrying plate 402. Next, the retaining
mechanisms 310A and 310B are moved on the basis of
the width of the waist part of the slacks T so that a straight
line linking a central portion of the waist part and a crotch
part of the slacks T is disposed on the edge line of the
carrying plate 402 (Figs. 38(d) and 39(e)). When it is de-
termined at this time on the basis of the image data of
the processing subject T obtained from the imaging de-
vice 500 that a part of an inseam of the slacks T remains
on the carrying plate 402, the retaining mechanism 310A
retains the remaining inseam part and removes the re-
maining part from the carrying plate 402 (Fig. 39(e)).
[0210] Next, the crotch part and the central portion of
the waist part of the slacks T are retained and lifted up
from the carrying plate 402 by the respective retaining
mechanisms 310A and 310B so as to be removed from
the carrying plate 402 (Fig. 39(f)), whereupon the retain-
ing mechanism 310B is rotated about the retaining mech-
anism 310A (Fig. 40(g)) such that the slacks T hang down
vertically from the waist part toward the lower edges (Fig.
40(h)). From this condition, the retaining mechanism
310B is moved to the opposite side of the carrying plate
402 (in the direction of the arrow Y2) so that the slacks
T are temporarily caught on the carrying plate 402 (Fig.
41(i)). Next, the respective end portions of the slacks T
temporarily placed on the carrying plate 402 are retained
by the retaining mechanisms 310A and 310B, whereupon
the retaining mechanisms 310A and 310B are moved to
the opposite side of the carrying plate 402 (in the direction
of the arrow Y2) so that the lengthwise direction center
of the slacks T (half the length thereof from the waist to
the lower edges) is caught on the carrying plate 402 (Fig.
41 (j)). Next, the carrying device control unit 906 rotates
the carrying plate 402 in the horizontal direction so as to
move the carrying plate 402 in the horizontal direction to
the vicinity of the clamping device 700 (Fig. 42(k)). When
the carrying plate 402 approaches, the upper side clamp-
ing plate 702 and the lower side clamping plate 704 of
the clamping device 700 are rotated in the mutually ap-
proaching direction (Fig. 42(k)). As a result, the waist
portion of the slacks T hanging down from the carrying
plate 402 is lifted up by the lower side clamping plate
704, whereby folding is completed.

(T) In the processing apparatus 1 according to the
above embodiment, once the folding process is start-
ed (Fig. 14), a folding operation corresponding to the
type of the processing subject T recognized in the
recognition process (Fig. 13) is continued on the as-
sumption that the type of the processing subject T
has been recognized correctly. However, the
processing subject T may be recognized erroneous-
ly in the recognition process (Fig. 13), and the folding
operation may be performed on the basis of the er-
roneous recognition (for example, the processing
subject T may be recognized mistakenly as a T-shirt
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even though in actuality the processing subject T is
a pair of slacks, and a T-shirt folding method may be
applied to the slacks). Hence, image data showing
the processing subject T may be obtained by the
imaging device 500 during or after the folding proc-
ess, and a determination may be made on the basis
of the image data as to whether or not the processing
subject T deviates from a prescribed folded shape
corresponding to the type thereof. When it is deter-
mined that the processing subject T deviates from
the prescribed folded shape, the type of the process-
ing subject T may be determined to have been rec-
ognized erroneously, and the folding operation may
be interrupted, whereupon the retaining mecha-
nisms 310A, 310B retain the processing subject T
again and the recognition process is restarted. Al-
ternatively, the processing subject T may be deter-
mined to be "unfoldable", and the folding process
may be interrupted, whereupon the retaining mech-
anisms 310A, 310B store the processing subject T
in a predetermined location within the processing ap-
paratus 1, for example a dedicated storage box (for
an example of this storage box, see the "unproc-
essed item storage portion H2" to be described in
detail below in "(Y)").
(U) In the processing apparatus 1 according to the
above embodiment, the type recognition unit 914
recognizes the type of the processing subject T as
a "T-shirt" in a condition where the respective ends
of the sleeve openings of the T-shirt T are retained
by the retaining mechanisms 310A, 310B (Fig. 19(j)).
In other words, when the type of the processing sub-
ject T is a "T-shirt", the end point switching operation
is repeated until the retaining mechanisms 310A,
310B retain the respective ends of the sleeve open-
ings of the T-shirt T. Depending on the retaining con-
dition, however, either the retaining mechanisms
310A, 310B may not be able to retain the respective
ends of the sleeve openings of the T-shirt T regard-
less of how many times the switching operation is
repeated, or an extremely large number of repeti-
tions may be required to retain the respective ends
of the sleeve openings. When the retaining condition
of the processing subject T is found to be in this dead-
locked condition (when the image data generated by
the imaging device 500 indicates a predetermined
shape, when the number of times the lowermost
point of the processing subject T is switched reaches
or exceeds a predetermined number, or the like, for
example), the retaining device control unit 904 may
release the processing subject T from both of the
retaining mechanisms 310A, 310B so that the
processing subject T drops onto the transportation
conveyor 204 or is placed on the carrying plate 402,
and then restart the operation for grabbing the low-
ermost point using the retaining mechanism 310A
(310B). Alternatively, it may be determined that the
processing subject T "cannot be unfurled", and the

recognition process may be interrupted, whereupon
the retaining mechanisms 310A, 310B store the
processing subject T in a predetermined location
within the processing apparatus 1, for example a
dedicated storage box (for an example of this storage
box, see the "unprocessed item storage portion H2"
to be described in detail below in "(Y)").

[0211] An example of a method of resolving a dead-
locked condition by recognizing that the T-shirt T serving
as the processing subject T is retained in a horizontal
orientation will now be described using Figs. 43 and 44.
[0212] When the lowermost point (the end point fur-
thest removed from the straight line linking the parts of
the processing subject T retained by the retaining mech-
anisms 310A, 310B) is switched repeatedly (Fig. 43(b))
from a condition in which the first point P and the first end
point P1 are retained (Fig. 43(a)), the T-shirt T may be
retained in a lateral orientation (Fig. 44(c)). The retaining
device control unit 904 determines that a deadlocked
condition is established (i.e. that the respective ends of
the sleeve openings of the T-shirt T will not be retained
by the retaining mechanisms 310A, 310B even if the
switching operation is continued normally) after recog-
nizing, on the basis of the image data showing the T-shirt
T, which are input therein from the imaging device 500,
that the T-shirt T has been retained in the lateral orien-
tation. In this case, the retaining device control unit 904
moves the retaining mechanisms 310A, 310B in the hor-
izontal direction (the Y2 direction) toward the carrying
plate 402, and releases the T-shirt T so that the T-shirt
hangs down over the carrying plate 402 (Fig. 44(d)). In
this condition, the retaining device control unit 904 de-
tects an end portion (in this example, one of the sleeve
openings of the T-shirt T) serving as a Z direction lower-
most point of the T-shirt T on the basis of the image data
input from the imaging device 500, and causes the re-
taining mechanism 310A to grip this end portion. Then,
by repeating the lowermost point gripping operation nor-
mally (in this example, one of the sleeve openings of the
T-shirt T has been gripped, and therefore two further op-
erations are required) or, since in this example the type
of the processing subject T has already been recognized
as a "T-shirt", by directly gripping the other sleeve open-
ing of the T-shirt T (in this case, one further operation is
required), the respective ends of the sleeve openings of
the T-shirt T are retained by the retaining mechanisms
310A, 300B. In so doing, the deadlocked condition can
be resolved, and as a result, the processing prior to the
folding process can be completed more quickly.

(V) In the processing apparatus 1 according to the
above embodiment, the T-shirt folding process (Figs.
14 and 19(k)) is started as soon as the type recog-
nition unit 914 recognizes the type of the processing
subject T as a "T-shirt" after the respective ends of
the sleeve openings of the T-shirt T are retained by
the retaining mechanism 310A, 310B (Fig. 19(j)).
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However, the timing at which to recognize the type
of the processing subject T and the shape of the
processing subject T required for recognition are not
limited thereto. For example, the type recognition
unit 914 may recognize the type of the processing
subject T before the processing subject T is unfurled
(during the reception transportation process, for ex-
ample) or while the processing subject T is being
unfurled (before the processing subject T achieves
the shape required to start the folding process),
whereupon the unfurling operation may be per-
formed in accordance with the recognized type of
the processing subject T so that the processing sub-
ject T achieves the shape required to start the folding
operation (in the example of the T-shirt T, the con-
dition shown in Fig. 19(j), in which the respective
ends of the sleeve openings of the T-shirt T are re-
tained by the retaining mechanisms 310A, 310B).
As a method of recognizing the processing subject
T early before the processing subject T is unfurled
or while the processing subject T is being unfurled,
data associating a certain specific feature of the out-
er appearance of the processing subject T (a specific
color ("yellow", for example), a specific character
string ("ABC" or the like, for example), a specific pat-
tern or mark ("stripes", for example), and so on) with
the type of the processing subject T may be retained
in advance in the type recognition unit 914, for ex-
ample, and the type recognition unit 914 may recog-
nize the type of the processing subject after detecting
this feature of the outer appearance. By determining
the type of the processing subject T before the
processing subject T is unfurled or while the process-
ing subject T is being unfurled and then performing
an optimum unfurling operation corresponding to the
type of the processing subject T, the processing prior
to the folding process can be completed more quick-
ly.

[0213] An example of a method of recognizing that the
processing subject T is a "towel" while the processing
subject is being unfurled and then unfurling and folding
the processing subject T will now be described using
Figs. 45 to 47.
[0214] When the type of the processing subject T is a
"towel" and the lowermost point (the end point furthest
removed from the straight line linking the parts of the
processing subject T retained by the retaining mecha-
nisms 310A, 310B) is switched repeatedly, as shown in
Fig. 45(a), the processing subject T takes on a specific
shape in which a central part thereof hangs down in a
downward direction (the Z direction) from respective
width direction (X direction) end portions. At this stage,
the type recognition unit 914 recognizes that the process-
ing subject T is a "towel" on the basis of the image data
obtained from the imaging device 500. The retaining de-
vice control unit 904 then performs a following unfurling
operation determined in advance for use with a "towel"

in order to set the processing subject T in an optimum
shape for starting the folding operation (in this example,
a condition shown in Fig. 46(d)).
[0215] First, the retaining mechanism 310B is moved
in the horizontal direction (the Y2 direction) toward the
carrying plate 402 and then caused to release the
processing subject T so that one lengthwise direction end
portion of the towel serving as this processing subject T
hangs down over the carrying plate 402 (Fig. 45(b)). Next,
the retaining mechanism 310A is moved in a width direc-
tion center direction (the X2 direction) of the carrying plate
402 while continuing to grip the processing subject T (Fig.
45(b)), whereby the other lengthwise direction end por-
tion of the towel serving as the processing subject T be-
comes the lowermost point (Fig. 46(c)). The retaining
mechanism 310B then grips the other lengthwise direc-
tion end portion, with the result that the processing sub-
ject T achieves the shape required to start the folding
operation (Fig. 46(d)). By determining the type of the
processing subject T (in this case, a towel) and perform-
ing an optimum unfurling operation corresponding to the
type in this manner, the processing prior to the folding
process can be completed more quickly.
[0216] Note that when the processing subject T is a
"towel", the folding process is performed as follows. In
the condition shown in Fig. 46(d), the control device 900
calculates the length (the lengthwise direction size) of
the towel serving as the processing subject T on the basis
of the image data obtained from the imaging device 500,
and then calculates the number of required folds (in this
example, two folds are required, for example). Next, the
carrying device control unit 906 rotates the carrying plate
402 to the vertical orientation. In this condition, the re-
taining device control unit 904 moves the retaining mech-
anisms 310A, 310B toward the carrying plate so that the
lengthwise direction center of the processing subject T,
i.e. the part thereof that is hanging down, is placed over
the upper edge portion of the carrying plate 402, then
causes the retaining mechanisms 310A, 310B to release
the processing subject T temporarily, and then causes
the retaining mechanisms 310A, 310B to grip the respec-
tive end portions of the processing subject T positioned
on the carrying plate 402 again (Fig. 46(e)). In this con-
dition, the processing subject T is not sufficiently folded,
and therefore folding is performed once more. More spe-
cifically, the retaining device control unit 904 moves the
retaining mechanisms 310A, 310B toward the carrying
plate so that the lengthwise direction center of the
processing subject T, i.e. the part thereof that is hanging
down, is placed over the upper edge portion of the car-
rying plate 402, and then causes the retaining mecha-
nisms 310A, 310B to release the processing subject T
(Fig. 47(f)). At this time, the towel serving as the process-
ing subject T is folded in four in the lengthwise direction.
Next, the carrying device control unit 906 rotates the car-
rying plate 402 in the horizontal direction (Fig. 47(g)), and
then moves the carrying plate 402 in the horizontal di-
rection to the vicinity of the clamping device 700 (Fig.
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47(g)). When the carrying plate 402 approaches, the
clamping device control unit 910 rotates the upper side
clamping plate 702 and the lower side clamping plate
704 of the clamping device 700 in the mutually approach-
ing direction (Fig. 47(g)). As a result, the end portions of
the processing subject T hanging down from the carrying
plate 402 are lifted up by the lower side clamping plate
704, whereby folding is completed.

(W) In the above embodiment, the processing appa-
ratus 1 recognizes the type of the processing subject
T inserted therein after unfurling the processing sub-
ject T, and then folds the processing subject T in
accordance with the recognized type thereof. De-
pending on the processing subject T, however, the
type may be unrecognizable, and as a result, folding
may be impossible. In this case, the control device
900 may determine that the processing subject T is
"unrecognizable" and "unfoldable", interrupt the rec-
ognition process and the folding process, and sep-
arate this processing subject T from the other
processing subjects T by causing the retaining
mechanisms 310A, 310B to store the processing
subject T in a predetermined location within the
processing apparatus 1, for example a dedicated
storage box (for an example of this storage box, see
the "unprocessed item storage portion H2" to be de-
scribed in detail below in "(Y)").

[0217] For example, when the control device 900 can-
not recognize the processing subject T during the recog-
nition process even after the lowermost point of the
processing subject T has been switched more times than
a predetermined threshold, the processing subject T may
be determined to be "unrecognizable". When patterns
corresponding only to a "T-shirt", "slacks", a "towel", and
a "skirt" are stored in the control device 900 as the types
of the processing subject T, for example, and a "sock" is
inserted as the processing subject T, the features of the
sock do not match the pre-stored features of a "T-shirt",
"slacks", a "towel", and a "skirt" during the recognition
process even after the lowermost point unfurling opera-
tion has been repeated a plurality of times, and therefore
recognition of the processing subject T fails even after
the lowermost point of the processing subject T has been
switched more times than the predetermined threshold.
In this case, the processing subject T (the sock) is stored
in the dedicated storage box as an "unrecognizable" item.
[0218] Further, for example, the control device 900
may determine that the processing subject T is "unfold-
able" and store the processing subject T in the dedicated
storage box when the end points of the processing sub-
ject T required to fold the processing subject T cannot
be recognized during the folding process or it is deter-
mined that the processing subject T cannot be retained
on the carrying plate 402 with stability (for example, when
the size of the processing subject T exceeds a predeter-
mined allowable folding size corresponding to the type

or the like).

(X) In the above embodiment, the carrying device
400 including the carrying plate 402 was described,
but the carrying device may include a carrying body
that provides a plurality of points, one or a plurality
of straight lines or curves, a planar surface, or a
curved surface for carrying the processing subject
T. Examples of such carrying bodies include one or
a plurality of thread-like members (strings, wires, or
the like, for example), one or a plurality of rod-shaped
members or tubular members (in Fig. 8, for example,
the carrying plate 402 may be removed and the rotary
shaft 412 may be used in place of the carrying plate
402 or the like), a comb-shaped member (the plural-
ity of teeth of the comb constitute a plurality of car-
rying points), and so on, for example.

[0219] As shown in Figs. 48 and 49, for example, a
carrying body 402A constituted by a single string may be
used as the carrying body. As shown in these drawings,
the carrying body 402A is suspended in the width direc-
tion (the direction of the arrow X) of the processing ap-
paratus 1 by the carrying device (not shown), and re-
tained thereby so as to be capable of moving in the up-
down direction (the direction of the arrow Z) and the front-
rear direction (the direction of the arrow Y). The carrying
body 402A can be used to perform the recognition
processing, the folding processing, and so on in place of
the carrying plate 402.
[0220] Figs. 48(a) and 48(b) are views showing a part
of the recognition process performed using the carrying
body 402A. As shown in these drawings, by bringing the
processing subject T and the carrying body 402A into
contact with each other along a straight line, the recog-
nition processing can be performed by means of a sub-
stantially identical operation to the process using the car-
rying plate 402, shown in Figs. 18(h) and 18(i) (in which
the processing subject T and the side edge of the carrying
plate 402 likewise come into contact with each other
along a straight line). With the carrying body 402A, dif-
ferent advantages to those obtained by using the carrying
plate 402 can be obtained. Specifically, the carrying body
402A is a single string retained at respective ends thereof
by the carrying device so as to be suspended, and there-
fore the string can be relaxed by loosening the hold ex-
erted thereon by the carrying device. Accordingly, for ex-
ample, the position of the entire processing subject T
carried thereon can be lowered, and as a result, the low-
ermost point of the processing subject T can be shifted.
[0221] Figs. 49(a) to 49(c) are views showing a part of
the folding process performed using the carrying body
402A. In the carrying body 402A constituted by a single
string, a "plane" such as that of the carrying plate 402
does not exist, and therefore the processing subject T
must be folded in a different manner to the folding process
(the process illustrated in Fig. 22(t), for example) using
the "plane" of the carrying plate 402, as described in the
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above embodiment. For example, the processing subject
T may be folded as follows.
[0222] Fig. 49(a) shows a process performed after the
T-shirt T has been folded in two along the first fold line
B1 (this process is similar to the process shown in Fig.
21 (p)). The retaining mechanisms 310A, 310B retain the
processing subject T on the carrying body 402A so that
a third fold line B4 of the processing subject T is posi-
tioned on the carrying body 402A. Here, the third fold line
B4 is positioned further toward the center of the T-shirt
T than the first fold line B2 and the second fold line B3
(see Fig. 21 (q)) described in the above embodiment. As
shown in Fig. 49(a), the third fold line is positioned such
that when the processing subject T hangs down over the
carrying body 402A, an end edge B5 of one sleeve of the
T-shirt T and a second end edge B7 of a midriff portion
of the T-shirt T are substantially aligned.
[0223] Next, as shown in Fig. 49(b), the retaining
mechanisms 310A, 310B lift up the processing subject
T such that a first end edge of the midriff portion of the
T-shirt T and the carrying body 402A are at substantially
equal heights while continuing to retain the processing
subject T by the third fold line B4. Simultaneously at this
time, the retaining mechanisms 310A, 310B and/or the
carrying body 402A are moved in the front-rear direction
(the direction of the arrow Y) until the carrying body 402A
is positioned on the front side (the direction of the arrow
Y1) of the processing subject T. At this stage, the retain-
ing mechanisms 310A, 310B are moved downward in
the front side direction of the carrying body 402A. As a
result, one of the sleeves is caught on the carrying body
402A such that a fourth fold line B8 is formed in the
processing subject T (Fig. 49(c)). Hence, the processing
subject T can be folded likewise with the carrying body
402A constituted by a single string.
[0224] The processing following the folding process
described above may be executed in a similar manner
to the above embodiment. More specifically, the carrying
body 402A is moved away from the clamping device 700
while the processing subject T remains clamped by the
clamping device 700, whereupon the transportation
processing is performed. Note that since the carrying
body 402A is a string, a following method may be used
to move the carrying body 402A away instead of moving
the carrying body 402A and the clamping device 700 rel-
ative to each other. Specifically, by attaching a first end
of the carrying body 402A, which is constituted by a single
string, detachably to the carrying device, and once folding
is complete, pulling a second end of the carrying body
402A after detaching the first end from the carrying de-
vice, the carrying body 402A can be "withdrawn" from
the clamping device 700 (whereupon the first end of the
withdrawn carrying body 402A is attached to the carrying
device again). Note that in the processing following the
folding process described above, the clamping device
700 does not have to be used. More specifically, the car-
rying body 402A may be "withdrawn" from the processing
subject T in the manner described above while the re-

spective ends of the processing subject T are retained
by the retaining mechanisms 310A, 310B, and then the
processing subject T may be transported directly to the
processing subject reception box R by the retaining
mechanisms 310A, 310B.

(Y) There are also no particular limitations on the
arrangements and so on of the respective members
of the processing apparatus 1, and various arrange-
ments and structures may be employed within a
scope that does not depart from the spirit of the
present invention. For example, a processing appa-
ratus 1 A shown schematically in Figs. 50(a) and
50(b) includes an insertion portion H1, an unproc-
essed item storage portion H2, and a processed item
storage portion H3, and is configured such that the
user can insert and extract the processing subject T
in different positions.

[0225] The insertion portion H1 is a sliding door-type
box-shaped member disposed in a lowermost portion of
the processing apparatus 1A, and as shown by an arrow
A in Fig. 50(b), is configured to slide frontward from the
processing apparatus 1A so that a processing subject
can be inserted therein. As a result, the user can insert
a processing subject into the insertion portion H1 by per-
forming a simple operation to drop the processing subject
therein from above.
[0226] The unprocessed item storage portion H2 is dis-
posed alongside the insertion portion H1. The unproc-
essed item storage portion H2 is a dedicated sliding door-
type box-shaped member for storing the processing sub-
jects T determined by the control device 900 to be "un-
recognizable", "unfoldable", and so on, and is configured
to slide frontward. As a result, the user can collect the
processing subjects T that have not been folded sepa-
rately from the folded processing subjects T, which is
more convenient for the user.
[0227] The processed item storage portion H3 is a box-
shaped member disposed above the insertion portion H1,
in which the folded processing subject T are stored. As
shown by an arrow B in Fig. 50(b), the processed item
storage portion H3 is removed to the uppermost portion
of the processing apparatus 1A during the processes for
recognizing and folding the processing subject T so as
to avoid a movable area J of a folding unit (the retaining
devices 300A, 300B, the carrying device 400, the clamp-
ing device 700, and so on) of the processing apparatus
1A. During the transportation process following the proc-
ess for folding the processing subject T, the processed
item storage portion H3 is lowered to the vicinity of the
center of the processing apparatus 1A, and the folded
processing subject T is stored therein. Hence, the user
can access the processed item storage portion H3 by
opening an extraction door I provided in front of the proc-
essed item storage portion H3. At this time, the processed
item storage portion H3 is positioned near the center of
the processing apparatus 1A, and therefore the user can
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extract the folded processing subject T easily without
bending down or the like. Note that the processed item
storage portion H3 may be constituted by a plurality of
box-shaped members, or may be divided into a plurality
of partitioned spaces by providing a plurality of partitions
or the like therein. In this case, the processing subjects
T can be stored separately in accordance with the types
and properties thereof. In so doing, the processing sub-
jects T are less likely to lose their shape and so on than
in a case where processing subjects T of different types
are stacked in a single space, and the processing sub-
jects T do not have to be sorted after being removed from
the processing apparatus 1A. As a result, convenience
of the user can be improved even further.

Reference Signs List

[0228]

1, 1A Processing apparatus
100 Frame
102 Frame piece
104 Frame base
105 Lateral frame piece
106A Front surface
106B Back surface
106C Right side surface
106D Left side surface
200 Reception transportation device
202 Door
204 Transportation conveyor
204A First conveyor
204B Second conveyor
206 Barrier member
210 Door main body
212 Door shaft
214 Door shaft retaining member
216 Door opening/closing motor
218 Door opening/closing motor power

transmitting means
220 Processing subject reception member
222 Barrier member
224 Drive side pulley
226 Driven side pulley
228 Belt
230 Side surface plate
232 Bottom surface plate
234 Back surface plate
236 Support member
238 Support frame
240 Roller
242 Conveyor belt
244 Conveyor drive motor
246 Conveyor drive motor power transmit-

ting means
248 Drive side pulley
250 Driven side pulley
252 Belt

260 Auxiliary reception member
300 Retaining device
310 Retaining mechanism
320 Moving mechanism
322 Finger member
324 Linear actuator
326 Rotary actuator
328 Gripping member
330 Connecting plate
332 Width direction moving mechanism
334 Up-down direction moving mechanism
336 Front-rear direction moving mechanism
338 Width direction moving motor
340 Linear guide
344 Up-down moving plate
346 Elevating unit
348 Frame body
350 Up-down direction drive motor
352 Ball screw
354 Nut
356 Slide guide
358 Front-rear direction drive motor
360 Linear guide
362 LM guide
364 Slider
400 Carrying device
402 Carrying plate
402A Carrying body
404 Frame body
406 Rotation mechanism
408 Front-rear direction moving mechanism
409 Processing subject sensor
410 Carrying plate main body
412 Rotary shaft
414 Upper side pulley
416 Moving plate
418 Hollow member
419 Strut
420 Bracket
422 Rotation motor
424 Lower side pulley
426 Upper side pulley
428 Belt
430 Turntable
432 Lower side pulley retaining member
434 Connecting member
436 Front-rear direction drive motor
438 Linear guide
440 Bracket
500 Imaging device
502 First imaging unit
504 Second imaging unit
700 Clamping device
702 Upper side clamping plate
704 Lower side clamping plate
706 Upper side clamping plate rotary shaft
708 Lower side clamping plate rotary shaft
710 Upper side bearing
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712 Lower side bearing
714 Clamping plate rotation motor
716 Driving force transmitting means
718 Drive side pulley
720 Driven side pulley
722 Belt
724 Interlocking means
726 First gear
728 Second gear
730 Slit
800 Transportation device
802 Support
804 Support rotation mechanism (rotation

mechanism)
806 Support up-down moving mechanism
808 Support member
810 Support shaft
812 Frame
814 Rotation motor
816 Ball screw
817 Nut
818 Up-down moving motor
820 Driving force transmitting means
822 Drive side pulley
824 Driven side pulley
826 Interlocking pulley
828 Drive belt
830 Interlocking belt
832 Reception portion
834 Curved portion
900 Control device
902 Reception transportation device control

unit
904 Retaining device control unit
906 Carrying device control unit
908 Imaging device control unit
910 Clamping device control unit
912 Transportation device control unit
914 Type recognition unit
915 Length detection unit
916 Hanging length detection unit
920 First point detection unit
922 First end point detection unit
924 Second end point detection unit
926 Third end point detection unit
928 Fourth end point detection unit
930 Fifth end point detection unit
932 Sixth end point detection unit
934 Seventh end point detection unit
936 Eighth end point detection unit
T Processing subject
O Opening portion
R, R1, R2, R Processing subject reception box
S Slit
B1 Lateral fold line
B2 First fold line
B3 Second fold line
B4 Third fold line

B5 First sleeve end edge
B6 First midriff portion end edge
B7 Second midriff portion end edge
B8 Fourth fold line
C1 First edge line (of carrying plate)
C2 Second edge line (of carrying plate)
D1 First end part (of processing subject)
D2 Central part (of processing subject)
D3 Second end part (of processing subject)
H1 Insertion portion
H2 Unprocessed item storage portion
H3 Processed item storage portion
I Extraction door
J Folding unit movable area

Claims

1. A processing apparatus for unfurling or folding a
processing subject, comprising:

a pair of retaining devices capable of retaining
the processing subject;
a carrying device capable of carrying the
processing subject such that a part of the
processing subject hangs down therefrom while
the processing subject is retained by at least one
of the pair of retaining devices; and
a control device that controls movement of the
retaining devices and the carrying device,
wherein the control device rotates the carrying
device in a condition where the retained
processing subject hangs down from the carry-
ing device.

2. A processing apparatus for unfurling or folding a
processing subject, comprising:

a pair of retaining devices capable of retaining
the processing subject;
a carrying device capable of carrying the
processing subject such that a part of the
processing subject hangs down therefrom while
the processing subject is retained by at least one
of the pair of retaining devices; and
a control device that controls movement of the
retaining devices and the carrying device,
wherein, in a condition where the retained
processing subject hangs down from the carry-
ing device, the control device moves the retain-
ing devices in a horizontal direction relative to
the carrying device or moves the carrying device
in the horizontal direction relative to the retaining
devices.

3. The processing apparatus according to claim 1 or
claim 2, wherein, in a condition where the processing
subject is retained by a first retaining device of the
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pair of retaining devices so as to hang down from
the carrying device, the control device causes a sec-
ond retaining device of the pair of retaining devices
to retain a lowermost point of the processing subject
by moving the second retaining device below the
processing subject.

4. The processing apparatus according to any one of
claims 1 to 3, wherein, when the retaining devices
move above the carrying device while lifting up the
processing subject, the control device brings a part
of the carrying device into contact with the process-
ing subject either by moving the carrying device in a
horizontal direction toward the retaining devices or
by rotating the carrying device.

5. The processing apparatus according to any one of
claims 1 to 4, wherein the carrying device is a rec-
tangular plate-shaped member, and
the control device tilts the carrying device relative to
the horizontal direction, and then places the process-
ing subject, which is retained by both of the pair of
retaining devices, on an edge line of the carrying
device.

6. The processing apparatus according to any one of
claims 1 to 5, further comprising a pair of clamping
members that move relative to the carrying device
in order to clamp the carrying device carrying the
processing subject.

7. The processing apparatus according to claim 6,
wherein the clamping members clamp the carrying
device such that the part of the processing subject
that hangs down from the carrying device is folded
toward the carrying device.

8. The processing apparatus according to any one of
claims 1 to 7, further comprising an imaging device
that photographs the processing subject while the
processing subject is retained by the retaining de-
vices,
wherein the control device controls the movement
of the retaining devices and the carrying device on
the basis of image data obtained from the imaging
device in relation to the processing subject.

9. The processing apparatus according to claim 8,
wherein the control device includes:

an end point detection unit that detects a lower-
most point of the processing subject on the basis
of the image data obtained from the imaging de-
vice in relation to the processing subject; and
a retaining device control unit that causes a first
retaining device of the pair of retaining devices
to retain the processing subject, and in this con-
dition moves a second retaining device of the

pair of retaining devices toward the processing
subject and causes the second retaining device
to retain the lowermost point.

10. The processing apparatus according to claim 8 or
claim 9, wherein the control device includes a type
recognition unit that recognizes a type of the
processing subject on the basis of the image data
obtained from the imaging device in relation to the
processing subject.
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